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ABSTRACT
The s t r u c t u r e s  o f  th e  e x t r a c e l l u l a r  p o ly s a c c h a r id e s  e l a b o r a te d  by 
S t r e p to c o c c u s  mutans G3-5 and _S. mutans OMZ 51 were i n v e s t i g a t e d .
These were f r a c t i o n a t e d  in t o  s o lu b le  f r a c t i o n s  (CS--5B and 
Oi-IZ 5 Id p o ly s a c c h a r id e s )  and l e s s e r - s o l u b l e  f r a c t i o n s  (GS-5A and
Oi-IZ 5 1A p o ly s a c c h a r id e s )  .
GS-5B p o ly s a c c h a r id e  was e s s e n t i a l l y  an  a - ( l — 6 ) - l i n k e d  
p o ly g lu c a n  in  which 17/o o f  t h e  g lu c o se  u n i t s  were l i n k e d  th ro u g h  
p o s i t i o n s  1, 3 and 6 and formed b ran ch  p o i n t s .  60^ o f  th e  m olecu le  
com prised  a s i n g l e  a-(l*-^> 6 ) - l i n k e d  g lu c o se  c h a in  and th e  minimum 
av e ra g e  e x t e r n a l  c h a in  l e n g th  was 2 .  The p o ly s a c c h a r id e  was p o ly -  
d i s p e r s e d  49>000 w ith  a  s t r u c t u r a l l y  s i m i l a r  low m o le c u la r
w e igh t f r a c t i o n  10 ,000 . Tlie fo l lo w in g  av e ra g e  r e p e a t in g  u n i t
was p ro p o se d .
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^ g l c p  ———> ^ g l c p  —t  D-wlcp — ^ g l c p
n
GS-5A p o ly s a c c h a r id e  c o n ta in e d  a p p ro x im a te ly  35^ o f  f r u c t o s e  and 
40^  o f  g lu c o s e .  The p o ly g lu c a n  was p re d o m in a te ly  a - ( l '~ ^  6 ) - l i n k e d  
and 2O/0 o f  t h e  g lu c o s e  u n i t s  were l i n k e d  th ro u g h  p o s i t i o n s  1 ,3  and 6 
and formed b ran ch  p o i n t s .  A pprox im ate ly  3^ o f  t h e  g lu c o se  u n i t s  
were l i n k e d  th ro u g h  p o s i t i o n s  1 and 3 o n ly .
An av e ra g e  r e p e a t i n g  u n i t  was p ro p o sed .
0M2 51B p o ly s a c c h a r id e  was e s s e n t i a l l y  a n  6 ) - l i n k e d  p o ly g lu c a n
in  winch 14^ o f  th e  g lu c o se  u n i t s  were l i n k e d  th ro u g h  p o s i t i o n s  1,3  
and  6 and formed b ran ch  p o i n t s .  The p o ly s a c c h a r id e  was p o ly d i s p e r s e d  
-  32,000 and t h e  minimum a v e ra g e  e x t e r n a l  c h a in  l e n g th  was 2.
The fo l l o w in g  a v e ra g e  r e p e a t i n g  u n i t  was p ro p o sed .
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OMZ 51 A p o ly s a c c h a r id e  was p re d o m in a n t ly  an  a - ( l “- ^  6 ) - l in lc e d  p o ly g lu c a n  
in  w hich 20^ o f  t h e  g lu c o se  u n i t s  were l i n k e d  th ro u g h  p o s i t i o n s  1 ,3  and 
6 and formed b ran ch  p o in t s  and 3 .7 ^  were 1 indeed th ro u g h  p o s i t i o n s  1 and 
3 o n ly .  Enzymic d e g r a d a t io n  s t u d i e s  i n d i c a t e d  t h a t  some o f  t h e  l a t t e r  
o c c u r r e d  a t  n o n -b ran ch  p o i n t s  w i th i n  o;-(l'**'S  ^6 ) - l i i ik e d  g lu c o se  c h a in s .
The minimum a v e ra g e  e x t e r n a l  c h a in  l e n g th  was 1 .6 .  An av e ra g e  r e p e a t in g  
u n i t  was p ro p o s e d .
S e v e ra l  p o ly s a c c h a r id e s  e l a b o r a t e d  by  c a r io g e n ic  m icroorganism s 
and  s e v e r a l  b a c t e r i a l  d e x t r a n s  were t r e a te d ,  w i th  swine k id n e y  
g lu c a n h y d r o la s e . C onvers ions  t o  g lu c o se  o f  1 -  15*5^ were o b se rv ed .
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C h an te r  I  IHTRODIICTIOÏÏ
TA A b r i e f  Review o f  t h e  C hem is try  o f  D ex trans
IA1 O r ig in ,  p ro d u c t io n  and u ses
D ex tran s  a r e  D -g lucans  i n  which a  s u b s t a n t i a l  p e rc e n ta g e  o f  th e
p -g lu c o p y ra n o s y l  u n i t s  a r e  a - ( l  —> 6) - l i n k e d .  Tliey a r e  produced
1 ~3when c e r t a i n  b a c t e r i a  d e r iv e d  from th e  g en e ra  Leuconostoc  , 
h a c t o b a c i l l u s  and S t re p to c o c c u s  , a r e  grown on a  su c ro se
s u b s t r a t e ,  a l th o u g h  d e x t ra n s  have been  s y n th e s i s e d  by b a c t e r i a  growing
hemic;
24,25
22 23on o t h e r  s u b s t r a t e s  ’ and th e  s y n t h e s i s ,  by c ical means o f  an
e s s e n t i a l l y  unbranched  d e x t r a n  h as  been  r e p o r te d
Tlie d e x t i a n s  a r e  e x t r a c t e d  from c e l l - f r e e  c u l t u r e s  o f  ra ic ro -
1, 17, 18, 26—35 -, . T -I j_ - a. •o rgan ism s and a r e  p u r i f i e d  by  a e p r o t e i n a t i o n  anci
 ^ j 1 1 1  ^ . 1 , 26 , 27 , 29 , 36 , 37r e p e a t e d  a l c o h o l  o r  k e to n e  p r e c i p i t a t i o n  .
D i f f i c u l t i e s  a r e  e n c o u n te re d  in  t h e  p u r i f i c a t i o n  o f  th e  p o ly ­
s a c c h a r i d e s  e l a b o r a t e d  by  S t r e p t o c o c c i , s in c e  th e s e  organism s te n d  
t o  p roduce  e x t r a c e l l u l a r  f r u c t a n s  in  a d d i t i o n  to  th e  d e x t ra n s  
a l th o u g h  a  p a r t i a l  s e p a r a t i o n  can sometimes be o b ta in e d  by  e th a n o l
. 27 ,40p r e c i p i t a t i o n
T here  a r e  t h r e e  m ajor a r e a s  i n  which th e  s tu d y  o f  d e x t ra n s  i s  o f  
p a r t i c u l a r  i n t e r e s t ,  D ex tran s  have been  im p l ic a te d  in  th e  c a r i e s  
p ro c e s s  ( s e e  s e c t i o n  1B) , t h e y  a r e  p roduced  as  a  b y -p ro d u c t i n  th e  
s u g a r  r e f i n i n g  in d u s try ^ ^  , and th e y  a r e  used  a s  b lood  plasma 
expanders  in  m ed ica l  p r a c t i c e ^
The s y n t h e s i s  o f  d e x t ra n s  by s o i l  m ic ro -o rg an ism s, p r i n c i p a l l y  
L e u c o n o s to c , from s u g a r  cane has  been  a  m ajor d i f f i c u l t y  in  t h e  su g a r  
i n d u s t r y  f o r  some t im e .  These b y -p ro d u c ts  have th e  e f f e c t  o f  d i r e c t l y  
r e d u c in g  t h e  y i e l d  o f  s u c ro s e ,  i n c r e a s in g  su c ro s e  sy rup  v i s c o s i t i e s 50-55
51 56 F7and a d v e r s e l y  e f f e c t i n g  th e  c r y s t a l l i s a t i o n  o f  s u c ro s e  .
I n  th e  a r e a  o f  s u g a r  cane p ro d u c t io n  t h i s  problem  has been
58i n t e n s i f i e d  w ith  t h e  ad v en t o f  m e c h a n is a t io n  . VJhen th e  su g ar  
cane was cu t  by hand , h a r v e s t i n g  produced, a  s i n g l e  cu t s u r f a c e  p e r  
s i x  fo o t  l e n g th  o f  can e .  The L euconostoc  m icro -o rgan ism s  m e ta b o l is e d  
th e  s u c ro s e  s u b s t r a t e  a t  t h e  cu t  s u r f a c e  p ro d u c in g  d e x t ra n ,  bu t th e  
d e x t r a n  was p roduced  in  q u a n t i t i e s  to o  sm a l l  to  have a  g r e a t  e f f e c t  
upon th e  m i l l i n g  and r e f i n i n g  p r o c e s s e s .
hhen h a r v e s t i n g  was m echan ised , c h o p p e r - h a r v e s te r s  cu t th e  canes ' 
i n t o  a p p ro x im a te ly  n in e  inch  l e n g th s ,  so p ro d u c in g  an  a d d i t i o n a l  
f i f t e e n  cu t  s u r f a c e s  p e r  cane .  D ex tran  e l a b o r a t i o n  by th e  
L euconostoc  th e n  became s i .n g i f  i c a n t . The e f f e c t  o f  th e  d e x t r a n  was 
to  r e t a r d  t h e  r a t e  o f  growth on c e r t a i n  f a c e s  o f  th e  su c ro s e  c r y s t a l ,
57 59-61c a u s in g  £ - a x i s  e lo n g a t io n  , th u s  w h ile  th e  g u is e  o f  th e  su c ro se
c r y s t a l  rem ained  u n a l t e r e d  t h e  h a b i t  te n d e d  tow ards  p r i s m a t i c .
The d e x t ra n s  a r e  u s u a l l y  removed from crude  su c ro se  j u i c e s  by
u t  th e  u se  (
4 5 , 61 , 64,65
th e  a d d i t i o n  o f  b in d in g  a g e n t s ^ ^ ’ ^^, b o f  d e x t ra n a s e
p r e p a r a t i o n s  i s  now b e in g  i n v e s t i g a t e d
Two m ajo r  problem s a r e  en c o u n te re d  when enzymic d e g ra d a t io n  i s  
em ployed. The f i r s t  i s  t h e  i n a c t i v a t i o n  o f  t h e  enzyme a t  th e  
p ro c e s s  t e m p e r a tu r e s  (60 -  Tliis i s  b e in g  overcome, a t
58
p r e s e n t ,  by  u s in g  an  enzyme system  ad so rb ed  onto  an  i n e r t  m a tr ix  
Tlie second  d i f f i c u l t y  i s  t h e  i n a b i l i t y  o f  most d e x t ra n a s e s  t o  degrade 
d e x t r a n s  w i th  r e l a t i v e l y  h ig h  d eg ree s  o f  branching^^*
3I 00!
67 ,68
46-49D ex tran  i s  u sed  in  m ed ica l p r a c t i c e  a s  a  b lo o d  plasm a expander ,
and  two d e x t r a n  p r e p a r a t i o n s  a r e  in  g e n e ra l  use
D ex tran  40 = 40 ,000) (a  10^ w /v s o lu t io n  in  d e x tro s e  o r
s a l i n e )  i n h i b i t s  re d  b lo o d  c e l l  a g g re g a tio n  and low ers b lo o d  
v i s c o s i t y .  I t  i s  u sed  to  overcom e ’ s lu d g in g  o f th e  b lo o d ’ in  which 
c e l l  a g g re g a te s  a re  form ed w hich can p lu g  a r t e r i o l e s  and c a p i l l a r i e s  
r e s u l t i n g  in  t i s s u e  a n o x ia  and p o s s ib le  n e c r o s i s .
D ex tran  110 (M^ = 110,000) (a  6^ w /v s o lu t io n  in  d e x tro s e  o r  
s a l i n e )  i s  a d m in is te re d  a s  a  te m p o ra ry  b lo o d  p lasm a s u b s t i t u t e  
b eca u se  i t s  o sm o tic  p r e s s u re  i s  a p p ro x im a te ly  eq u a l to  t h a t  o f  plasm a 
p r o t e i n s .  Once in fu s e d ,  i t  i s  r e t a in e d  in  th e  body f o r  two to  th r e e  
d a y s , a  p e r io d  lo n g  enough f o r  th e  p h y s io lo g ic a l  rep lacem en t o f 
p lasm a p r o t e i n s .  I t  h e lp s  to  m a in ta in  venous r e tu r n  and i t  i s  a ls o  
u se d  in  a  p r o p h y la c t ic  r o le  in  m ajo r s u rg e ry .
lA? T yres and P e rc e n ta g e s  o f V arious G lu c o s id ic  L inkages in  D ex trans 
1
J e a n e s  a t  ^  have d ev e lo p ed  s e v e r a l  te c h n iq u e s  b ased  upon 
in f r a r e d  s p e c tro s c o p y , th e  m easurem ent o f  o p t i c a l  r o t a t i o n s ,  and 
p e r io d a te  o x id a t io n  s t u d i e s ,  in v o lv in g  th e  d e te rm in a tio n  o f  th e  amount 
o f  p e r io d a te  consumed and  th e  amount o f  fo rm ic  a c id  p roduced , f o r  th e  
e lu c id a t io n  o f  d e x t ra n  s t r u c t u r e s ,  and th e s e  methods have been  u sed  
f o r  th e  a n a ly s i s  o f  a  la r g e  number o f  d e x tra n s^
More e x a c t in fo rm a tio n  can be o b ta in e d  by  s u b je c t in g  p e r io d a te  
o x id is e d  d e x tra n s  to  r e d u c t io n  and p a r t i a l  h y d ro ly s is  and a n a ly s in g  
th e  p ro d u c ts  (Sm ith  d e g ra d a tio n )  . The r e s u l t s  o f  s e v e ra l  such 
I s tu d ie s  a r e  l i s t e d  in  t a b l e  X I . , .
P a s ik a  and Cragg in v e s t ig a t in g  th e  p ro to n  n .m .r .  spec trum  of 
0—d e u te r a te d  L. mese n te ro id e s  IIRRL B—512 and DRRL B—742 d e x tra n s ,  and 
b y  com parison  w ith  th e  spec tru m  o f 0 -d e u te r a te d  is o m a l to t r io s e  ( l )
were a b l e  t o  a s s i g n  peaks in  t h e  n . m . r .  spec tra ,  a t  4»95 ^  t o  
p ro to n s  a t  C-1 a s s o c i a t e d  w ith  th e  l inka.ges  and a t
4 .6 0  'C  t o  p ro to n s  a t  C-1 a s s o c i a t e d  w ith  th e  n o n - a - ( l “—^ 6) 
l i n k a g e s .  Thus t h e  r a t i o  o f  t h e  a r e a s  und er  t h e  peaks a t  4«95 
and 4*60 IZT gave t h e  r a t i o  o f  p r im a ry  t o  s e co n d a ry  l i n k a g e s .
T ab le  I  1 Types and P e rc e n ta g e s  of  D i f f e r e n t l y  Linked
D-O luco  p y  a nos yl  U n its  in  Some D ex trans  as  Determined 
by  th e  Smrth D eg rad a t io n
D ex tran
fc o f  D-Gluccpyeranosyl u n i t s  l i n k e d  
( 1—» ) o r ( l —>6) (1—^ 4) ( 1—^ 3) ( 1—^ 2) R efe ren ces
L. mesenteroi des 
URRL B-512 
DRRL B -5 2 3 3  
URRL B-742S 
URRL B-742L 
URjtL B -IO 6 4  
URRL B-1299S 
URRL B-1299L 
URRL B - 1355S 
URRL B-1374 
URRL B-1415 ' 
URRL E-1416
IPO 12370 
S t r a i n  SP4
44
S . m utaris 
s t r a i n  OMZ 176 
S_. sang.M s 
s t r a i n  8O4
Tibi complex
95
93 
64
95
95
56
49
53
84.5
87
83
94
95
71
16
52
90
5
3 4
8 28
4 t r a c e
2 3
7
19
47
1 14.5
12.5  0 .5
7 10
6 
5
29
84
48
1.5  8.5
36
32
96
96
96
96
96
78
78
96
97 
76 
76
98 
70 
70
99
99
6
O - O O r
Legend to  s t r u c t u r e s
(I)
R c o n t in u a t i o n  o f  a  p o ly s a c c h a r id e  c h a in
^ 2 ^  a -D -g lu co p y ran o se  u n i t
OrD -g lucose  re d u c in g  u n i t
 > a - ( î —^ 6 )  g lu c o s i d i c  1 inlcage
n o n -a - (  6) g lu c o s i d i c  1 inkage
g l u c o s i d i c  l in k a g e  r e s i s t a n t  to  
enzymic h y d r o ly s i s
T ab le  I  2 shows th e  r e s u l t s  o b ta in e d  when s e v e r a l  d e x t ra n s  were 
i n v e s t i g a t e d  by  t h i s  m ethod.
P a r t i a l  a c i d  h y d r o ly s i s  o f  d e x t ra n s  i n v a r i a b l y  y i e l d s  th e  
d i s s a c h a r i d e  iso m a lto se ^ * ^ ^ * ^ ^ "^ ^  and t r a c e s  o f  k o j i b io s e ^ ^ ,  
n ig e ro s e ^ ^ ,  and m a lto se ^ ^  have a l s o  been  r e p o r t e d .
The f a i l u r e  t o  i s o l a t e  t h e  s e c o n d a ry - l in k e d  d i s a c c h a r id e s  from 
most d e x t r a n s  h as  b een  a t t r i b u t e d  t o  t h e  r e l a t i v e  i n s t a b i l i t y  o f  
s e c o n d a ry  l i n k a g e s ,  a s  compared w ith  p r im a ry  l i n k a g e s ,  t o  a c i d  
h y d r o l y s i s .
79F u j i  moto e_t found  t h a t  t h e  r e l a t i v e  s t a b i l i t i e s  o f  th e
a - g l u c o s i d i c  l i n k a g e s  were r e v e r s e d  u n d e r  a o e t o l y s i s  c o n d i t io n s  
( p o s s i b l y  due t o  t h e  s t e r i c  h in d ra n c e  o f  th e  s o lv a t e d  a c e ty l iu m  
i o n ^ ) . Under such  c o n d i t i o n s ,  t h e  d i s a c c h a r id e s  c o n ta in in g  th e  
se c o n d a ry  l i n k a g e s  have b een  o b ta in e d  from many d e x t ra n s  ( t a b l e  1 3 ) .
M é th y la t io n  s t u d i e s  ha.ve b een  u t i l i s e d  to  d e te rm in e  th e  n a tu re  
and p r o p o r t i o n s  o f  t h e  d i f f e r e n t l y  l in lced  D -g lu co p y ran o sy l u n i t s  in  
s e v e r a l  n a t i v e  and c l i n i c a l  d e x t ra n s  ( t a b l e  1 4 ) *
T ab le  I  2 P e rc e n ta g e s  o f  Secondary  G lu c o s id ic  L inkages  in  Some
D ex tran
D ex tran s  a s  D eterm ined  by  P ro to n  n . m . r .  s p e c t ro s c o p y
^  o f  S econdary -L inked  
D -G lucopyranosy l U n its
Ref e ren c es
L. mes en t e ro i  d C's 
URRL B-742 
URRL D-1355 
UCID 2706
30
33
20
73
100
101
S. mutans
I n g b r i t t  
0!IZ 51
28
17-21 18
T ab le  T 3 The D isa c c h a rid e s  O b ta ined  by  A o e to ly s is  o f  Some D extrans
D is a c c h a r id e sD ex tran R eferen ces
K o j ib io s e
a - ( l —î> 2)
U ige rose
C L -  ( 1—^  3)
M altose
a - ( l —^  4)
Iso m a l to se  
a - (  1— 6)
L .mese n t e r o i des
URRL B-512 + + 102
URRL B-523 + + + 93
URRL B-742L + + + 93
URRL B-1149 + + + 93
URRL B-1298 + + + 77
URRL B-1299 + + + 78,103
URRL B-1307 + + 103,104
URRL B-1355 + + 105
URRL B-1375 + + 93
URRL B-1397 + + + 106
URRL B-1399 + + + 93
URRL B-1415 + + + 76
URRL B-1416 + + + 76
URRL B-1420 + + + 93
URRL B-1424 + + + 107, 93
URRL SF-4 + + 2, 70
URRL 44V-2 + + 2, 70
S . bo v is
s t r a i n  1 4- 108
8. mutans
I n g b r i t t + + + + 18
OMZ 51 + + + 18
S . s a g u is
ATCC 10558 + + + 18
S . v i r i d i a n s  v a r .
URRL B-1351 + + + 93
S tre p to b a c te r iu ra + + + 93
The d e x tra n s  a re  m e th y la te d  hy  one, o r  a  co m b in a tio n , o f  th e  
s e v e ra l  a v a i la b le  m é th y la t io n  p ro c e d u re s .  M é th y la tio n  s tu d ie s  have 
been  conducted  u s in g  th e  Haworth p r o c e d u r e ^ * t h e  sodium - 
m ethyl io d id e - l i q u id  ammonia m e th o d ^ ^ '^ ^ '^ ^  and th e  Hakomori 
m é th y la t io n  p ro ced u re  w hich u se s  d im e th y lsu lp h in y l ca rb a n io n  and 
m ethyl io d id e  in  d im e th y lsu lp h o x id e  s o l v e n t ^  The u se  o f
com bined gas l i q u id  chrom atography-m ass s p e c tro m e try  ( g . l . c . - m . s .) 
h as  g r e a t l y  f a c i l i t a t e d  th e  s e p a r a t io n  and  i d e n t i f i c a t i o n  o f  th e  
p ro d u c ts  o f  m é th y la t io n  a n a ly s e s .
E xam ination  o f  th e s e  r e s u l t s  r e v e a ls  s e v e r a l  p o in ts  o f  i n t e r e s t .  
A ll  th e  d e x tra n s  p o s se ss  some D -g lu co p y ran o sy l u n i t s  l in k e d  th ro u g h  
p o s i t i o n  3, and th e  d is a c c h a r id e  n ig e ro s e  i s  g e n e r a l ly  to  be found 
in  th e  a o e to ly s i s  p ro d u c t o f  d e x t ra n s .  T h is f a c t  has le a d  to  th e  
s u g g e s tio n  t h a t  th e  d e x t ra n - s y n th e s is in g  enzyme, d e x tra n s u c ra s e ,  has 
th e  a b i l i t y  to  t r a n s f e r  D -g lu co p y ran o sy l u n i t s  to  b o th  th e  C-3 and 
th e  C-6 p o s i t io n ^ ^ .  The a - ( l —^ 3) l in k a g e s  in  s e v e ra l  d e x tra n s  o ccu r 
a t  n o n -b ran ch  p o in t s .  These e lem en ts  o f  d e x tra n  s t r u c t u r e  can e x i s t  
a s  o c c a s io n a l  i s o l a t e d  a-(l” ^ 3 )  l in k e d  u n i t s  w ith in  th e  6)
d e x tra n  backbone, o r  a s  a  s e c t io n  o f  co n tig u o u s  a - ( l —^  3) l in k e d  u n i t s  
w ith in  a  p re d o m in a te ly  a - ( l —►ô) c h a in  o r th e y  may a r i s e  from  a  
c o n ta m in a tin g  a - ( l —^ 3 )  l in k e d  g lu c an  p roduced  by  th e  s y n th e s is in g  
o rg an ism .
At l e a s t  some o f  th e  a - ( l" * ^ 4 )  l in k e d  D -g luco p y ran o sy l u n i t s  
t h a t  a r e  o c c a s io n a l ly  d e te c te d  in  d e x tra n s  ^ ^ 7 6 ,9 1 ,9 4  p ro b a b ly
a r i s e  from  c o n ta m in a tio n  o f  th e  d e x tra n  by  i n t r a c e l l u l a r  p o ly sa c c h a r id e s  
o f  th e  s ta rc h -g ly c o g e n  ty p e ,  w hich a re  r e le a s e d  in to  th e  c u l tu r e  
medium when l y s i s  o f  a  s u b s t a n t i a l  number o f  b a c t e r i a l  c e l l s  occu rs
17,19,95
Table  % 4 Types and P e rc e n ta g e s  o f  D i f f e r e n t l y  L inked D-Gluco- 
p y ran o sy l  U n its  in  Some D ex trans  a s  D eterm ined by 
M é th y la t io n  A n a ly s is
D ex tran ^  o f  D -g lu co p y ran o sy l u n i t s  l in k e d R e f s .
( l -> ) (l->6) (1"> 3) ( l - > 2 ,6 )  ( i - ^ 3 ,6 )  ( i - ^ 4 ,6 )
L. mese n t e r o i des
URRL B-512 91 5 82
URRL B-512 91 4 .5 109
URRL B-742S + + + 110
URRL B-742L + + + 110
URRL B-1298 20 53 1 12 8 40
URRL B-1299S 33 26 7 34 78
URRL B-1299L 29 24 15 32 78
URRL B-1355S 7 46 40 7 110
URRL B-1375 17 67 16 74
URRL B-1415 11 76 14.3 76
URRL B-1416 17 66 10.1 6 .9 . 76
UCIB 27O6 85 15 101
S. mutans
s t r a i n  E49^ 20 52 19,9 1,
94
I n g b r i t t  A 10 27 51 Two u n i d e n t i f i e d  d i - 0 -  
m e th y l -D -g lu c i t01 
d e r i v a t i v e s  = 1 2 ^
90,111
OMZ 176(4) ^ 5 40 50 5 89
OMZ 176 (5)b 3 3 94 89
S. s a n g u is
s t r a i n  804^ 8 82 .5 2,.5 7 89
s t r a i n  804^ 13 62 11 4 89
s t r a i n  804^ 15 52 " 18 15 89
T ib i  complex 5 90 + 5 6
^ This  p o ly s a c c h a r id e  c o n ta in s  8 .0 ^  o f  ^ g lu c o p y r a n o s y l  u n i t s  l i n k e d
^ These p o ly s a c c h a r id e s  were p re p a re d  from c e l l - f r e e  g l u c o s y l t r a n s f e r a s e
f r a c t i o n s •
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IA3 S t r u c t u r a l  Segments o b ta in e d  from D extrans
P a r t i a l  a c id  h y d ro ly s is  o f d e x tra n s  u s u a l ly  y ie ld s  th e  
d is a c c h a r id e  iso m a lto se  and h ig h e r  o lg io s a c c h a r id e s  o f  th e  iso m a lto se  
s e r i e s  ( I I ) •
o o Or
n
(II)
Such o lig o s a c c h a r id e s  a r i s e  from  co n tig u o u s  a - ( l —r»-6 )- l in k e d
P -g lu c o p y ra n o sy l u n i t s  w hich com prise th e  d e x tra n  backbone.
D isa c c h a rid e s  c o n ta in in g  th e  seco n d ary  l in k a g e s  have a l s o  been
7/1 76 lPi
r e p o r te d  in  th e  h y d ro ly s a te s  o f  a  few  d e x tra n s  ’  ^ .
The c h a r a c t e r i s a t i o n  o f  th e  o lig o s a c c h a r id e s  o b ta in e d  from  th e  
a c e to ly s a t e s  o f  d e x tra n s  can  p ro v id e  v a lu a b le  in fo rm a tio n  abou t th e  
n a tu re  o f  th e  b ran ch e s  in  th e  p o ly s a c c h a r id e .
The t r i s a c c h a r id e s  0 -a -D -g lu c o p y ra n o s y l- ( l—^  6 ) -[O -a -D - 
g lu c o p y ra n o s y l- ( l—^  2) ] - D - g lu c o s e ( l I l )  , 0 -a -D -g lu c o p y ra n o s y l- ( l—^ 2 ) -  
0 -a -D -g lu c o p y ra n o s y l- ( l—» 6 ) -D -g lu c o s e  (iV) and 0 -a -D -g lu c o p y ra n o sy l-  
( l —^  6 ) - 0 - a - p -g lu c o p y ra n o s y l - ( l  —  ^2) -R -g lu c o se  (v) have a l l  been  
o b ta in e d  from  th e  a c e to ly s a te  o f  L euconostoc mese n te ro id e s  URRL B-1397 
d e x tra n  .
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o
O X J R
( I I I )o
o - o r
(IV)
oo
(V)
T r i s a c c h a r id e  (v) co u ld  a r i s e  from b ran ch es  c o n s i s t i n g  o f  a t  
l e a s t  an  i s o m a l to s y l  u n i t  (Vl) o r  from a - ( l " ^  2 ) - l i n k e d  D -g luco -  
p y ra n o s y l  u n i t s  o c c u r r in g  a t  non-b ranch  p o in t s  w i th in  t h e  d e x t ra n  
c h a in C V I l ) , and i t s  p re s e n c e  in  t h e  a c e t o l y s a t e  su g g e s ts  th e  p re se n c e  
o f  one o r  b o th  o f  t h e s e  s t r u c t u r a l  u n i t s  i n  th e  B-1397 d e x t ra n .
o
n
(VI)
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(V II)
T r is a c c h a r id e  (v) a lo n g  w ith  th e  t e t r a s a c c h a r id e  O-a-D— 
g lu c o p y T a n o sy l-( l— 6 )-0 ~ a -D -g lu c o p y ra n o s y l- ( l" ^  6 ) -0 -a -D -g lu co - 
p y r a n o s y l - ( l—^  2 )-D -g lu co se  (V IIl)  was i d e n t i f i e d  in  th e
0-0-0
O r
(V III)
112a c e to ly s a te  o f  I j .  m e se n te ro id e s  IIRRL B-1299S d e x tra n  • T his 
s u g g e s ts  t h a t  some o f  th e  b ran ch e s  in  th e  B-1299S d e x tra n  com prise a t  
l e a s t  an  i s o m a l to t r io s y l  u n i t ,  and s in c e  a l l  th e  a - ( l —> 2) l in k a g e s  
form  b ran ch  p o in ts  a  s t r u c t u r e  o f  th e  ty p e  (V Il) can  be ex c lu d ed .
However a  s t r u c t u r e  o f  ty p e  ( ix )  w here th e  b ran ch  i s  e s s e n t i a l l y  
form ed by  a  s in g le  a - ( l" * ^  6 ) - l i n k e d  B -g lu co p y ran o sy l u n i t ,  co u ld  s t i l l  
be p r e s e n t .
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( o c o o
O — K l ) —
(IX)
The absence  o f  t r i s a c c h a r i d e  (v) i n  t h e  p ro d u c t o f  th e  
a o e t o l y s i s  and d e a c e t y l a t i o n  o f  L. m e se n te ro id e s  MRL B-1298^^ and 
t h e  p re s e n c e  o f  t r i s a c c h a r i d e s  ( i l l )  and ( iv )  a r e  i n d i c a t i v e  o f  
b ran ch e s  a s s o c i a t e d  w ith  th e  ( 1—^  2 ) -b ra n c h  p o in t s  c o n s i s t i n g  o f
2 -0 -a -D -g lu c o p y ra n o s y l  u n i t s .
The i s o l a t i o n  o f  a  t r i s a c c h a r i d e  c o n ta in in g  o n ly  secondary  
l in k a g e s  su p p o r ts  th e  e x i s t e n c e  o f  a  s t r u c t u r a l  segment in  th e  
d e x t r a n  in  which two s e c o n d a ry - l in k e d -a -D -g lu c o p y ra n o sy l  u n i t s  a re  
a d j a c e n t .
O D - O — O  
0 - 0
O
O
(X) (XI)
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104
S ince  th e  v a s t  m a jo r i t y  o f  th e  secondary  l in k a g e s  in  t h e  B-1298 
d e x t ra n  a r i s e s  from b ran ch  p o in t s  ( t a b l e  I  4) s t r u c t u r a l  segments o f  
t h e  ty p e  (x) and (Xl) a r e  most l i k e l y .
S im i la r  s t r u c t u r a l  segments a r e  su g g e s te d  by  th e  p ro d u c ts  of 
a o e t o l y s i s  and d e a c e t y l a t i o n  o f  L. m e se n te ro id e s  MRL B-1307 d e x t ra n  
The p re se n c e  o f  a  h ig h  p r o p o r t i o n  o f  seco n d ary  l in k a g e s  in  th e
105L. m e se n te ro id e s  MRL B-1355S d e x t ra n  , t h e  p re se n c e  o f  t r i s a c c h a r i d e  
(v) and th e  absence  o f  t r i s a c c h a r i d e  ( i l l )  and th e  homologues o f  
n ig e ro s e  in  t h e  a c e t o l y s a t e  o f  t h e  B-13598 d e x t ra n  p ro v id e s  ev idence  
f o r  an  a l t e r n a t i n g  ty p e  s t r u c t u r e  ( X I l ) .
(X II)
When s u b je c t e d  to  t h e  Smith d e g ra d a t io n  p ro c e d u re ,  L . m e sen te ro id e s
MRL B-1298 and MRL B-1375 d e x t ra n s  y ie ld e d  b o th  1 -0 -a - is o m a l to sy l-
AO' 112g ly c e r o l  (X IIl)  and 1-0 - a - g lu c o p y r a n o s y l - g ly c e ro l  (XIV) ’
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O  "O CH
CH^OH
H
OH
(X III )
OH
(XIV)
S ince  a l l  th e  a - ( l —^ 3 )  l in k a g e s  in  th e  d e x tra n  form  b ran ch  p o in t s ,  
compound (X IIl)  co u ld  o n ly  a r i s e  from  a  segment o f  s t r u c t u r e  in  
w hich two a d ja c e n t D -g lu co p y ran o sy l u n i t s  b o th  c a r r i e d  b ran ch es  (XV)
 k O ------------
a
n
o
n
(XV)
On Sm ith d e g ra d a tio n  L . m e se n te ro id e s  EREL B-1355S, IFO 12370 and 
th e  T ib i complex d e x tra n s  gave p r i n c i p a l l y  compound (XIV^’ ^8,105^ 
Thus th e  s t r u c t u r a l  segment (XV) was n o t p re s e n t  in  s ig n i f i c a n t  
p ro p o r t io n s  in  th e s e  d e x tra n s .
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S ince  n ig e r o d e x t r i n y l  d e r i v a t i v e s  a r e  a b se n t  from th e  p ro d u c ts  
o f  t h e  Smith d e g ra d a t io n  o f  most d e x t r a n s ,  segments c o n s i s t i n g  of 
co n t ig u o u s  a - ( l —^  3) - l i n k e d  D -g lucopyranosy l u n i t s  a r e  deemed to  be 
a b s e n t .
In  com parison w ith  t h e  amount o f  work r e p o r t e d  on th e  s t a r c h -  
g ly c o g e n - ty p e  p o ly s a c c h a r id e s ,  r e l a t i v e l y  few enzymic d e g ra d a t io n  
s t u d i e s  have been  c a r r i e d  out on d e x t r a n s .
Most o f  t h e  work r e p o r te d  in v o lv e s  enzymes t h a t  degrade th e  
a - ( l —*^6) l in k a g e s  o f  t h e  p o ly s a c c h a r id e s  ( a - ( l —^  6) g lu c an  
6 -g lu c a n h y d ro la s e s  [EC 3 . 2 . 1 . 1 1 ] ) .  Such enzymes have been  produced
61 66 114-—121i n d u c t iv e l y ,  by growing b a c t e r i a  o r  moulds on d e x t ra n s   ^ ’
122o r  d e x t ra n  d e r i v a t i v e s
E x o d e x t ra n a s e s , i . e .  enzymes t h a t  degrade th e  s u b s t r a t e  i n  a  
s te p w ise  f a s h io n  from t h e  c h a in  ends,  have been  o b ta in e d  from s p e c ie s
123 118 115 124o f  s o i l  b a c t e r i a  B a c i l l u s  , B a c te ro id e s  , L a c to b a c i l lu s
125 126 128_135S tre p to c o c c u s  , and from an im al t i s s u e  , bu t l i t t l e
s t r u c t u r a l  work in v o lv in g  such  enzymes has  been  r e p o r t e d .
E n d o d e x t ra n a s e s , i . e .  enzymes t h a t  c le a v e  d e x t ra n s  t o  o l ig o ­
s a c c h a r id e s  i n  a  random f a s h io n  have been  o b ta in e d  from P é n ic i l l iu m
fu n icu lo su m ^ ^, P . l i l a c in u m ^^, P . lu teu m ^^^, A s p e r g i l l u s  cameous^^^,
116 117L a c to b a c i l l u s  b i f i d u s  and Cytophaga .
The enzymes produced  by  P .  l i l a c i n u m , P . fu n icu lo su m , and by
L a c to b a c i l lu s  b i f i d u s  have b een  s tu d i e d  by  Weigel e t  a%11^?187,138^
These w orkers  d em o n s tra ted  t h a t  i so m a lto se  ( s t r u c t u r e  ( l l )  n  = O)
was t h e  m ajor p ro d u c t  o f  h y d r o ly s i s  o f  L. m e sen te ro id e s  d e x t ra n s  and th a t :  
i s o m a l t o t r i o s e  ( s t r u c t u r e  ( l l )  n  = I) and a  sm all  amount o f  g lu c o se  
were a l s o  p roduced  a lo n g  w ith  l i m i t  d e x t r i n s .  The l i m i t  d e x t r in s
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c o n ta in e d  a t  l e a s t  one seco n d a ry , n o n - a - ( l—> 6) l in k a g e  and th e
c h a r a c t e r i s a t i o n  o f  th e  l i m i t  d e x t r in s  en ab led  th e  fo llo w in g  p a t t e r n
111 119o f  r e s i s t a n t  l in k a g e s  to  he e s ta b l i s h e d  ’ .
The l in k a g e s  in  a  d e x tra n  s t r u c t u r e  r e l a t i v e l y  r e s i s t a n t  to  a t ta c k  
by P . l i la c in u m  d e x tra n a se
0 - ^ - 0 —
(XVI)
The lin k a g e s  in  a  d e x tra n  s t r u c t u r e  r e l a t i v e l y  r e s i s t a n t  to  a t t a c k  
by  P . fnn icu lo su m  d e x tra n a se
— o — o
(XVII)
I t  w i l l  be n o te d  th a t  th e  above a c t io n  p a t te r n s  d i f f e r  in  t h a t  an  
a ~ ( l—> 6 )  l in k a g e  on th e  n o n -re d u c in g  s id e  o f  a  b ran ch  p o in t  w i l l  be 
r e s i s t a n t  to  th e  h y d ro ly s is  o f  P . l i la c in u m  d e x tra n a se  b u t no t 
r e s i s t a n t  to  t h a t  o f P . fun icu lo sum  d e x tra n a s e .
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Thus, th e  s m a l le s t  l i m i t  d e x t r i n s  produced hy  th e  a c t i o n  o f  
P . l i l a c in u m  and P . fun icu losum  d e x t ra n a s e s  a c t i n g  on a  b ranched  
d e x t r a n ,  in  which a l l  o f  th e  secondary  l in k a g e s  a r e  a - ( l —> 3 )  
l i n k a g e s  o c c u r r in g  a t  b ran ch  p o i n t s ,  w i l l  be th e  p e n ta s a c c h a r id e  
0 -a -D -g lu c o p y ra n o s y l- (  1—^  6) - [O -a -D -g lu c o p y ra n o s y l - ( 1 " ^  3) ] - £ - a -  
D -g lu c o p y ra n o s y l- (  1—^  6) - 0 - a - D - g lu c o p y r a n o s y l - ( l“ ^  6) -D -g lu co se
(XVIII) and t h e  t e t r a s a c c h a r i d e  0 - a “D -g lu c o p y ra n o s y l- ( l" * > 3 ) - 0 “  
cx -p -g lucopyranosy l-(  1-*^ 6) -0 -a -D -g lu c o p y ra n o s y l - (  1“ ^  6) -D -g lucose
(XIX), r e s p e c t i v e l y .
O — O — O — O r
O
(XVIIl)
Q — O — O r
Ô
(XIX)
I f  however, t h e  d e x t r a n  c o n ta in s  a  s t r u c t u r a l  segment i n  which th e  
seco n d a ry  l in k a g e  does n o t  form a  b ranch  p o in t  (VIl) th e n  on 
d i g e s t i n g  th e  d e x t ra n  w ith  P .  l i l a c in u m  d e x t ra n a s e ,  th e  s m a l le s t  
l i m i t  d e x t r i n  w i l l  be t e t r a s a c c h a r i d e  (XIX).
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When a c id -d e g ra d e d  d e x t ra n s  were t r e a t e d  w ith  t h e  P é n ic i l l iu m  
enzymes, o l i g o s a c c h a r id e s  were o b ta in e d  which were no t p r e s e n t  in  
th e  h y d r o ly s a t e s  o f  n a t i v e  d e x t r a n s ^ ^ ^ '^ ^ ^ .  These may a r i s e  from 
e i t h e r  th e  a c id -m o d if ie d  ch a in  ends o r  from m o d if ied  p o r t i o n s  o f  th e  
c h a i n s .
Sidebotham a l^ ^ ^  c h a r a c t e r i s e d  th e  p e n ta s a c c h a r id e s  
0 - a -D -g lu c o p y ra n o s y l - ( l—^  2) -0 -a -D -g lu c o p y ra n o s y l - (  1—?>6) -0 -a -D -  
g lu c o p y ra n o s y l - (  1—»  6) -0 -a -D -g lu c o p y ra n o s y l - (  1—^  6 ) -D -g lu co se  (XX) 
and 0_-a-D -g lucopyranosy l-(  1 -^  6) -0 -a -D -g lu c o p y ra n o s y l - (  1—^  2) - 0 - a -  
D -g lu c o p y ra n o s y l - ( l—>  6) -0 -a -D -g lu c o p y ra n o s y l - (  1—^  6) -D -g lucose
(XXl) in  th e  P , l i l a c in u m  d e x t ra n a s e  d ig e s t  o f  th e  a c id -m o d if ie d  
L. m e sen te ro id e s  KRRL B-1299S d e x t ra n ,  and th e  a u th o r s  su g g es t  t h a t  
t h e s e  a r i s e  from unbranched  a c id -m o d if ie d  segments o f  th e  a c i d -  
deg raded  d e x t ra n ,  as  in  p a r t i a l  s t r u c t u r e  (Til) .
— O — O r
(XX)
O — O — O R
0 0 3
(xxi)
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As a l l  th e  a - ( l —>  2 ) l in k a g e s  form b ranch  p o i n t s ,  in  th e  n a t i v e  
B-1299S d e x t ra n  ( t a b l e  I  4) t h i s  s t r u c t u r e  (V Il) must have been 
d e r iv e d  from a segment o f  th e  n a t iv e  p o ly s a c c h a r id e  as  i l l u s t r a t e d  
in  p a r t i a l  s t r u c t u r e  (X X Il) .
J X
(XXIl)
S ince  s t a t i s t i c a l  a n a l y s i s  o f  low m o lecu la r  w eight f ragm ents  
o b ta in e d  by  p a r t i a l  a c i d  h y d r o ly s i s  o f  t h e  n a t i v e  B-1299S d e x t ra n  
in d i c a t e d  t h a t  th e  b ranches  c o n s i s t  p r i n c i p a l l y  o f  s i n g l e  
p -g lu c o p y ra n o sy l  g roups , i t  fo l lo w s  t h a t  i n  p a r t i a l  s t r u c t u r e
(XXIl) n  = 0 .
The l i m i t i n g  f a c t o r  in  th e  u se  o f  th e  fu n g a l  enzymes i s  t h e i r  
i n a b i l i t y  t o  degrade  h ig h ly  b ranched  dex trans^^*^^*^^*^^^ .
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1A4 The Lengths o f  th e  Branches in  D extrans
The l e n g th s  o f  th e  b ranches  in  d e x t ra n  m olecu les  have been 
i n v e s t i g a t e d  by  s e v e r a l  groups o f  workers u s in g  d i f f e r e n t  a n a l y t i c a l
141te c h n iq u e s  in c lu d in g  p h y s ico -ch e m ic a l  s tu d i e s  s t a t i s t i c a l  a n a l y s i s
110o f  t h e  p ro d u c ts  o f  a c i d  h y d r o ly s i s  , m o d i f ic a t io n  and e s t im a t io n
101 IOQ 11^ 1A2 125»o f  t h e  n o n - re d u c in g  c h a in  ends ’ ’ ’ enzymic h y d r o ly s i s
21
132,134,143 i^oohemioal studies'°^’ 150.
By c a t a l y t i c  o x id a tio n  o f  th e  p rim ary  c a rh in o l  group on C—5
to  a  ca rb o x y l g roup , th e  te rm in a l  g lu c o s id ic  l in k a g e  in  a  ch a in
can  be s t a b i l i s e d  w ith  r e s p e c t  to  a c id  h y d r o ly s is ,  p o s s ib ly  due to
151th e  g r e a t e r  e l e c t r o n e g a t iv i ty  o f  th e  ca rb o x y l group
S e v e ra l p o s s ib le  n o n -re d u c in g  te rm in a l  sequences a r e  shown as 
p a r t i a l  s t r u c tu r e s  (XXIIl)-(XXIX) , a lo n g  w ith  th e  r e s u l t i n g  o l ig o ­
s a c c h a r id e  d e r iv a t iv e s .
109 111The s t r u c tu r e s  o f s e v e ra l  n a t iv e  ^ * and a c id -d e g ra d e d  
113d e x tra n s  have been  exam ined by  t h i s  p ro ced u re  and from  t h i s  work
i t  has been  concluded  t h a t  a t  l e a s t  60% o f  th e  b ran ch es  in  
L . m e se n te ro id e s  BRRL B-1375 d e x tra n  and a t  l e a s t  50^ o f  th e  b ran ch es  
in  L . m e sen te ro id e s  MRL B-1415 d e x tra n  a re  o f  th e  ty p e  i l l u s t r a t e d  
in  p a r t i a l  s t r u c tu r e  (XXIIl)
The r a t i o  o f  is o m a lto b iu ro n ic  a c id  and n ig e ro b iu ro n ic  a c id ,  
o b ta in e d  when L. m e sen te ro id e s  îïRRL B-512 d e x tra n  fg  c a t a l y t i c a l l y  
o x id is e d  and a c id  h y d ro ly se d  ( 4 : l ) , c o n s id e r in g  th e  deg ree  o f  
o x id a t io n  (60%) , in d ic a te s  t h a t  a t  l e a s t  48% o f  th e  b ran ch es  a re  as  
shown in  p a r t i a l  s t r u c tu r e s  (XXTV) a n d /o r  (XXV) and a t  l e a s t  12% 
o f  th e  b ran ch e s  a re  a s  shown in  p a r t i a l  s t r u c t u r e  (X XIIl)
A no ther te c h n iq u e  in v o lv in g  th e  m o d if ic a t io n  o f  th e  te rm in a l
101non—re d u c in g  c h a in  ends has been  employed by  Rees ad who 
re p la c e d  th e  p rim a ry  c a rb in e 1 groups in  d e x tra n s  by  0 - ( ^ - to lu e n e — 
su lp h o n y l)h y d ro x y m eth y l g roups and th e n  i d e n t i f i e d  th e  _0-p_-toluene- 
su lp h o n a te d  o lig o s a c c h a r id e s  o b ta in e d  on a c id  h y d ro ly s is  o f  th e  
p r o d u c t .
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T his method was u sed  to  i n v e s t ig a t e  th e  s t r u c t u r e  o f Ln^  m e sen te ro id e s  
101ECIB 2076 d e x tra n  and i t  was concluded  t h a t  th e  b ran ch es  were
p r i n c i p a l l y  o f  th e  ty p e  shown in  p a r t i a l  s t r u c t u r e  (XXIV) b u t
s t r u c t u r a l  segm ents o f  th e  ty p e  (X X lll) and  (XXV) w ere a l s o  p r e s e n t .
109 14-2L in d b erg  and co -w orkers ’ f u r t h e r  m o d ified  t h i s  p ro ced u re  
by  r e p la c in g  th e  p rim a ry  c a rh in o l  g roups o f  th e  L . m e sen te ro id e s  
MRL B-512 d e x tra n  by  C -(£ - to lu e n e s u lp h o n y l)  m ethyl g roups and 
th e n  t r e a t i n g  th e  m o d ified  d e x tra n  w ith  a l k a l i ,  and e s t im a t in g  th e  
d eg ree  o f  b ra n c h in g  o f  th e  p ro d u c t o f  m é th y la t io n  (o r  é th y la t io n )  
a n a l y s i s .
I t  was th u s  p o s s ib le  to  s u c c e s s iv e ly  deg rade  th e  m o d ified  
d e x t ra n .  The f i r s t  d e g ra d a tio n  e l im in a te d  4-0^ o f  th e  b ran ch es  
(w hich hence c o n s is t  o f a  s in g le  D -g lu co p y ran o sy l u n i t ) , th e  second 
an  a d d i t io n a l  45^ o f  th e  b ran ch e s  (w hich must have com prised  two 
B -g lu c o p y ra n o sy l u n i t s )  and th e  rem a in in g  15^  o f  th e  b ran ch es  must 
have b een  th r e e ,  o r  more, u n i t s  lo n g .
F u r th e r  in fo rm a tio n  on th e  le n g th  o f  th e  b ran ch  ch a in s  in  
d e x tra n s  can be o b ta in e d  by  enzym ic d e g ra d a tio n  s tu d i e s .
R o sen fe fd  e t  a l^ ^ ^  135,12%,129 i s o l a t e d  from  an im al t i s s u e ,  
an  enzyme r e p o r te d  to  c le a v e  th e  a—(I—^  6) lin k a g e s  in  d e x tra n s  
in  a  s te p w ise  f a s h io n  up to  th e  b ran ch  p o in ts  p ro d u c in g  g lu c o se  and 
r e s id u a l  d e x tra n  o n ly . T here i s ,  how ever, some ev id en ce  t h a t
2 71 152l i n e a r  a - ( l —> 3) l in k a g e s  a r e  a ls o  c le a v e d  by  th e  enzyme ’ '
R ed u c tio n s  in  m o le c u la r  w eigh t o f  18-35^ have been  r e p o r te d
134 151f o r  c l i n i c a l  d e x tra n s  t r e a t e d  w ith  t h i s  enzyme and betw een
. 129
20-23yo f o r  n a t iv e  d e x tra n s  .
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The ex o d e x tra n a se  [ a - ( l —> 6 )  g lu c o s id a s e ]  i s o l a t e d  from a  s t r a i n  
o f  S tre p to c o c c u s  m it i s  ,1 2 6 ,1 2 7 ,1 5 3 ,1 5 4  ppo^^j^ced a  re d u c t io n  in
m o le c u la r  w eight o f  38% in  an  a c id -d e g ra d e d  L . m e sen te ro id e s  MEL 
B-512 d e x tra n  and co n v e rs io n s  to  g lu c o se  o f  22-27%, 34%, 24%, 17%
12% and 0% from  th e  d e x tra n s  o f  S tre p to c o c c u s  h o v is  (v a r io u s  s t r a i n s )  , 
a  s y n th e t ic  d e x tra n , L euconostoc m e se n te ro id e s  URRL B-512F d e x tra n ,
L. m e se n te ro id e s  RRRL B-1415 d e x tra n , L . m e se n te ro id e s  ERRL B-742 
d e x tra n  and L . m e sen te ro id e s  RRRL B-1355 d e x tra n , r e s p e c t iv e ly .
Such enzymic d e g ra d a tio n  s tu d ie s  a llo w  th e  c a l c u la t io n  o f  th e  
minimum, a v e ra g e , n o n -re d u c in g  te rm in a l  sequence o f  D -g lucopy ranosy l 
u n i t s .
F u r th e r  in fo rm a tio n  co n ce rn in g  th e  n o n -re d u c in g  te rm in a l  
D -g lu co p y ran o sy l u n i t s  can  he o b ta in e d  from  immunochemical s tu d i e s .
D ex trans a c t in g  a s  s o lu b le  a n t ig e n s  a re  a b le  to  p r e c i p i t a t e  
a n t id e x t r a n ,  an tipneum onococcal and a n t i t e i c h o i c  a c id  a n t ib o d ie s .
The e x te n t  o f  t h i s  r e a c t io n  can be c a lc u la te d  from  th e  amount o f  
a n tib o d y  p r o te in  (e s t im a te d  a s  n i t ro g e n )  p r e c i p i t a t e d .
I n h ib i t i o n  s tu d ie s  in  w hich o l ig o s a c c h a r id e s  a re  a llo w ed  to  
compete f o r  th e  a v a i l a b l e  a n tib o d y  s i t e s  have p roduced  v a lu a b le  
in fo rm a tio n  abou t th e  re q u ire m e n ts  o f  th e  com bining s i t e s  o f  th e  
a n t ib o d y  m o le c u le s . The a n tib o d y  i s  g e n e r a l ly  d i r e c te d  a g a in s t  th e  
D -g lu co p y ran o sy l u n i t s  w hich form  th e  n o n -re d u c in g  te rm in a l  sequences 
o f  d e x t r a n s .
Kabat e t  ^  d is c o v e re d  t h a t  i f  p u r i f i e d  d e x tra n s  were in je c te d  
in to  an im als^^^  o r  a n t id e x t r a n  a n t ib o d ie s  were
produced  w hich were u s u a l ly  d i r e c te d  a g a in s t  a - ( l — ^ 6) l in k e d  
D -g lu co p y ran o sy l u n i t s b u t  in  a  few in d iv id u a ls  a  m ix tu re  o f 
a n t ib o d ie s ,  some o f  which were d i r e c te d  a g a in s t  n o n - a - ( l—^  6 ) -D -
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g lu c o p y ra n o sy l u n i t s  were p roduced^^^ 146^
The e x te n t  o f  th e  r e a c t io n  o f  a - ( l —> 6 ) - s p e c i f i c  a n tib o d y  
tow ards f o r te e n  d i f f e r e n t  d e x tra n s  was shown to  be p ro p o r t io n a l  to  
th e  p e rc e n ta g e  o f  a - ( l —^ 6 )  l in k a g e s  in  th e  d e x tra n , in  most c a s e s , 
and in h i b i t i o n  s tu d ie s  in d ic a te d  t h a t  th e  most e f f e c t iv e  i n h i b i t o r s ,  
on a  m olar b a s i s ,  were i s  omal t o t  e t  raose  { ^s tru c tu re  ( l l )  n  = 2) and 
iso m a lto p e n ta o se  [ s t r u c t u r e  ( l l )  n = 3 ] .  Thus, i t  was concluded  th a t  
th e  a n t id e x t r a n  i s  d i r e c te d  tow ard  n o n -re d u c in g , te rm in a l  sequences 
o f  4 o r  5 a - ( l —^ 6 ) - l in k e d  D -g lucopyranose  u n its^ '^ ^  [ s t r u c tu r e  (XXX) 
n = ? o r  3 ,] .
S im ila r  s tu d ie s  u s in g  an  a - ( l —^ 3 )  s p e c i f i c  a n tib o d y  in d ic a te d  
th a t  th e  e x te n t  o f  th e  r e a c t io n  was p ro p o r t io n a l  to  th e  p e rc e n ta g e  
o f  a -( l"—r>3) l in k a g e s  in  th e  d e x tra n s^ ^ ^ . The f a c t  th a t  
L . m e se n te ro id e s  MRL B-1142 d e x tra n  showed l i t t l e  r e a c t io n  was 
a t t r i b u t e d  to  th e  o ccu rren c e  o f  a,( 1—^  3) lin k a g e s  w ith in  a  ch a in  
(V ll)  r a th e r  th a n  a t  te rm in a l  n o n -re d u c in g  p o s i t io n s  in  th e  p o ly -  
s a c c h a r id e l '1 4 4 ,1 4 8  (^XXl) and (X X X ll).
When d e x tra n s  were t e s t e d  w ith  an a - ( l —> 2 ) - s p e c i f i c  a n tib o d y , 
th o s e  c o n ta in in g  th e  g r e a t e s t  p ro p o r t io n  o f  a - ( l —^ 2 )  lin k a g e s  
showed th e  g r e a t e s t  r e a c t io n ^ ^ ^ ,  in d ic a t in g  t h a t  many o f  th e  b ran ch es 
were te rm in a te d  by  k o j ib io s y l  g ro u p s . S ince  th e  a - ( l —> 2) l in k a g e s  
in  L . m e se n te ro id e s  ERRL B-1299 and lilREL B-1397 d e x tra n s  have been  
shown to  o ccu r o n ly  a t  b ran ch  p o in t s ^ ^ ' i t  fo llo w s  th a t  many o f
th e  b ran ch es  in  th e s e  d e x tra n s  c o n s is t  o f  a  s in g le  2 -0 -a -B -g lu c o -  
p y ra n o sy l u n i t  (X X ll l ) •
26
M ) — O — O — O — " C M
O O
Jn
ô
(xxx)
(xxxi)
4 D — > 0 ^
ô
(xxxii)
C e r ta in  d e x tra n s  have been  shown to  c r o s s - r e a c t  w ith  pneum ococcal 
ty p e s  11, XX, X l l ,  IX, and X l l l  a n t ib o d ie s ^ ^ ^ '^ ^ ^  and i t  has been 
shown t h a t  ty p e s  11, XX and in  some ca ses  ty p e  X ll  a n t i s  e ra  a re  
d i r e c te d  a g a in s t  a - ( l —^ 6) l in k a g e s .
149E xam ination  o f  a  number o f  d e x tra n s  su g g e s te d  th a t most
r e a c t io n  i s  o b ta in e d  from  th e  p o ly s a c c h a r id e s  w ith  th e  g r e a t e s t  
p ro p o r t io n  o f  a - ( l —^ 6) l in k a g e s  and o l ig o s a c c h a r id e  in h i b i t i o n  
s tu d ie s  in d ic a te d  t h a t  th e  a n t ib o d ie s  a re  d i r e c te d  a g a in s t  te rm in a l  
n o n -re d u c in g  sequences o f  a t  l e a s t  4 a -D -g lu co p y ran o sy l u n i t s .
The c a p a c i ty  o f  d e x tra n s  to  p r e c i p i t a t e  ty p e s  IX and X l l l  
pneum ococcal a n t ib o d ie s  was found to  be p ro p o r t io n a l  to  th e  p e rc e n ta g e  
o f  a - ( l —^  3) lin k a g e s  in  th e  p o ly sa c c h a r id e s ^ ^ ^ '^ ^ ^  and o l ig o ­
s a c c h a r id e  in h i b i t i o n  s tu d ie s  have shown th a t  th e s e  a n t i s e r a  a re
27
d i r e c te d  a g a in s t  te rm in a l  n o n -re d u c in g  n ig e ro s y l  u n i t s .  Such 
s t r u c t u r e s  have been  i d e n t i f i e d  in  th e  L. m e se n te ro id e s  MIRL B-1355S, 
mRL B -I498S, RRRL B -I5OIS, KRRL B-1299S and RRRL B-1299L d e x t ra n s .
The pneum ococcal ty p e  X ll a n t ib o d ie s  were shown to  be 
d i r e c te d  a g a in s t  a ( l —^ 2 ) ,  3) and  a - ( l —^  4) - l in k e d  n o n -re d u c in g ,
te rm in a l ,  g lu c o p y ra n o sy l u n its^ ^ ^ * ^ ^ ^ .
The l e c t i n ,  c o n c a n a v a lin  A, o b ta in e d  from  Canav a r ia  endoform is
and i t s  r e a c t io n s  w ith  n a t iv e  d e x tra n s  have been  s tu d ie d  by  Sm ith
and co -w orkers^^^  and by  G o ld s te in  a t  and i t  has been
d em o n stra ted  t h a t  th e  e x te n t o f i n t e r a c t io n  o f c o n c a n a v a lin  A w ith
n a t iv e  d e x tra n s  i s  dependent p r i n c i p a l l y  upon th e  number o f  te rm in a l ,
n o n -re d u c in g  a -D -g lu co p y ran o sy l u n i t s  i . e .  th e  deg ree  o f b ra n c h in g
2
o f  th e  p o ly s a c c h a r id e .  R o s e n fe l’d and P reo b razh en sk ay a  have a ls o  
p ro p o sed  a  f u r th e r  m od ify ing  f a c t o r  a r i s i n g  from  th e  e x c lu s io n  o f 
th e  c o n c a n a v a lin  A m o lecu le  by  a  h ig h ly  b ran ch ed  d e x tra n  s t r u c t u r e .
C oncanavalin  A w i l l  be p r e c i p i t a t e d  by  a  d e x tra n  w ith  a  degree  
o f  b ra n c h in g  o f  a s  l i t t l e  as  5% b u t n o t by  a  l i n e a r  s t r u c tu r e ^  ^,*^59^ 
Thus, i t  co u ld  p ro v id e  a  r a p id  means o f  e s t im a t in g  th e  p e rc e n ta g e  o f 
b ra n c h in g  in  d e x t ra n s .
By a b s o rb in g  th e  c o n c a n a v a lin  A on to  sep h a ro se  g e l ,  i t  i s  
p o s s ib le  to  s e p a ra te  a  m ix tu re  o f  d e x tra n s  chrom âto g ra p h ic a l ly  a c c o rd in g  
to  t h e i r  d eg ree  o f  b ra n c h in g  and a  p ro d u c t o f  t h i s  ty p e  i s  now b e in g  
m ark e ted ^^^ .
IA3 The B io s y n th e s is  o f  D ex trans
The d e x tra n  s y n th e s is in g  enzyme d e x tra n s u c ra se  (E .C . 2 .4 .1 * 5 ) i s  
a  t r a n s g ly c o s y la s e  a b le  to  t r a n s f e r  D -g lu co p y ran o sy l u n i t s  from  th e
28
su c ro se  s u b s t r a t e  to  a  grow ing cx^(l—>6) - l in k e d  D -g lu co p y ran o sy l
c h a in . T his c h a r a c t e r i s a t i o n  o f  th e  enzyme i s  however f a r  from
com ple te , f o r  d e x tra n su c ra se  i s  a b le  to  t r a n s f e r  D -g lucopy ranosy l
u n i t s  s in g ly  (o r  p o s s ib ly  in  p re -fo rm ed  b lo c k s)  to  a  v a r i e ty  o f
a c c e p to r  m o l e c u l e s f r o m  la c tu lo s u c r o s e ^ ^  and a -D -g lu co p y ran o sy l
(XXXlll)
f lu o r id e  in  a d d i t io n  to  s u c ro s e .
, Q
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The p ro d u c tio n  o f  d e x tra n s u c ra s e  by  s t r a i n s  o f  L a c to b a c i l l i ^^^ ,
^ 1 , 79 , 181-184  ^ , . 14, 34 , 185-188 . , .L euconostoc and S tre p to c o c c i  ' i s  r e p o r te d ,
a l th o u g h  in  some c a se s  th e  p ro d u c ts  o f  th e  b io s y n th e s e s  have no t 
been  r ig o r o u s ly  c h a r a c te r i s e d .
7 9L a c to b a c i l lu s  c a s e i  (32-1+) and  L a c to b a c i l lu s  RWM-13 a re  b o th
r e p o r te d  to  p roduce d e x t r a n s u c ra s e s .
L euconostoc s p e c ie s  a re  w id e ly  r e p o r te d  to  produce d e x tra n ­
s u c ra s e  when c u l tu r e d  in  a  medium o f  which su c ro se  form s a l l  o r  p a r t  
o f  th e  c a rb o h y d ra te  so u n ce^ ^^ '^^ ^  184, 189  ^ S tu d ie s  on th e  
L euconostoc d e x tra n su c ra s e s  have been  ham pered by  th e  d i f f i c u l t y  o f
190o b ta in in g  d e x t r a n - f r e e  sam ples o f  th e  enzyme and t h i s  le a d  Hehre
to  p o s tu la te  t h a t  th e  p o ly s a c c h a r id e  form ed an  in t e g r a l  p a r t  o f  th e  
enzyme s t r u c t u r e .
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The m a jo r i ty  o f  th e  s t r a i n s  produce c u l tu r e  s o lu b le  d e x tra n s  b u t
1 181a few a l s o  p roduce a  c u l tu r e - in s o lu b le  d e x tra n  . Sm ith s tu d y in g
such a  s t r a i n ,  L. m e se n te ro id e s  URRL B-1299 u s in g  l a b e l l i n g  te c h n iq u e s ,
showed t h a t  th e  m a jo r i ty  o f  th e  c u l tu r e - in s o lu b le  m a te r ia l  c o n s is te d
o f  an  enzym e-dex tran  complex and he su g g e s te d  th a t  on co m p le tio n  o f
th e  s y n th e t ic  c y c le  th e  d e x tra n  i s  r e le a s e d  in to  th e  c u l tu r e  medium as
a  c u l tu r e  s o lu b le  p o ly s a c c h a r id e .
L a te r  s tu d ie s  how ever, on th e  p u r i f i e d  p o ly s a c c h a r id e , have
in d ic a te d  th e  p re se n c e  o f  in h e r e n t ly  in s o lu b le  p o ly sa c c h a r id e  in  th e
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L. m e se n te ro id e s  M RL B-1299 d e x tra n
The L euconostoc d e x tra n s u c ra se s  g e n e r a l ly  e x h ib i t  optimum a c t i v i t y  
betw een pH 5 - 5 «5 and a t  29-34°C .
The S tre p to c o c c i  p re d o m in a te ly  produce a  d e x tra n s u c ra se  t h a t  is
191r e le a s e d  in to  th e  c u l tu r e  medium a lth o u g h  some exam ples o f  th e  
s tru c tu re -b o u n d  d e x tra n s u c ra se s  p roduced  by  s p e c ie s  o f  S tre p to c o c c u s
. . 14, 34 , 185-188have been  r e p o r te d  •
Many o f  th e  s t r a i n s  o f  S_. mut ans s tu d ie d  p ro d u ce , in  a d d i t io n
1QO—1QA
to  d e x tra n s ,  e x t r a c e l l u l a r  p o ly f ru c ta n s  (p o s s ib ly  lev an s)
In  a d d i t io n  th e y  te n d  to  p roduce a  s ig n i f i c a n t  number o f  n o n -b ran ch in g
22a - ( l —^  3) - l i n k e d  D -g lu co p y ran o sy l u n i t s  . I t  rem ains u n c le a r  i f  
th e s e  l in k a g e s  o ccu r w ith in  a  p re d o m in a te ly  d e x tra n - ty p e  s t r u c t u r e  o r 
i f  th e y  form  a  s e p a ra te  p o ly s a c c h a r id e  o f  th e  ty p e  r e f e r r e d  to  as
99*mutan* by  Guggenheim .
The S tre p to c o c c u s  d e x tra n su c ra se s  a re  c o n s t i tu t i v e  enzymes, 
e x h ib i t in g  optimum a c t i v i t y  betw een pH 5 -8 .5  and a t  37-45°C .
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An ex am in a tio n  o f  th e  r e s u l t s  o f  chem ical a n a ly se s  o f  th e  v a r io u s  
d e x tra n s  s u g g e s ts  t h a t  most d e x tra n s  can he c o n s id e re d  as  c o n ta in in g  
th r e e  d i s t i n c t  s t r u c t u r a l  segm en ts . The a - ( l —> 6 )- l in k e d  s k e l e t a l  
c h a in s ,  b ran ch  p o in ts  a t  which a  D -g lucopyranosy l u n i t  i s  
s u b s t i t u t e d  a t  C_-1, C_-6 and a t  one seco n d ary  p o s i t i o n ,  and p o r t io n s  
o f  th e  d e x tra n  s t r u c t u r e  w hich com prise l i n e a r  n o n - a - ( l—> 6 ) - l in k e d  
D -g lu co p y ran o sy l u n i t s ,  i . e .  in  which one (o r  more) D -g lucopy ranosy l 
u n i t ( s )  i s  s u b s t i tu t e d  a t  _C-1 and a t  one seco n d ary  p o s i t i o n  o n ly .
To be t o t a l l y  s a t i s f a c t o r y  a mechanism o f  d e x tra n  b io s y n th e s is  
must acco u n t f o r  th e s e  th r e e  d i s t i n c t  ty p e s  o f s t r u c t u r a l  segm ent.
In  th e  enzymic s y n th e s is  o f a  d e x tra n , th e  s u b s t r a t e ,  u s u a l ly  
s u c ro s e , becomes bound a t  th e  donor s i t e  o f th e  d e x tra n su c ra se  
m o lecu le , th e  D -g lucopy ranosy l u n i t  i s  s p l i t  from  th e  donor m o lecu le , 
w hich i s  th e n  r e le a s e d ,  and i s  t r a n s f e r r e d  to  th e  r e c e p to r  m olecu le  
w hich i s  bound a t  th e  r e c e p to r  s i t e  o f  th e  enzyme m o lecu le .
Two d i f f e r e n t  r e a c t io n s  a r e  now p o s s ib le .  The D -g lu co p y ran o sy l-  
r e c e p to r  complex can be s p l i t  from  th e  enzyme m olecu le  ( th e  m u l t i ­
c h a in  system ) o r  i t  may rem ain  bound to  th e  enzyme and f u r th e r  
D -g lu co p y ran o sy l u n i t s ,  b e in g  made a v a i la b le  by  th e  b in d in g  o f 
f u r t h e r  s u b s t r a t e  m o lecu les a t  th e  donor s i t e  o f  th e  enzyme, may be 
t r a n s f e r r e d  to  i t  ( th e  s in g le  c h a in  s y n th e s is )  .
The f a i l u r e  to  i s o l a t e  o lig o s a c c h a r id e s  o r  low m o lecu la r  w eigh t
195 196
d e x tra n s  in  th e  e a r ly  s ta g e s  o f  s y n th e s is  a re  in d ic a t iv e  o f  a
s in g le - c h a in  ty p e  s y n th e s i s .
There a re  two d i s t i n c t  p o s s ib le  d i r e c t io n s  f o r  th e  p ro p a g a tio n  
o f  th e  s k e l e t a l  c h a in s  o f  a  d e x tra n  m o lecu le . G lucopyranosy l groups 
can  be t r a n s f e r r e d  to  e i t h e r  th e  re d u c in g  o r th e  n o n -re d u c in g  end o f
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123a grow ing d e x tra n  c h a in , H eely  assum ing th a t  p ro p a g a tio n  o c c u rre d
from th e  n o n -re d u c in g  end, a s  i s  u su a l f o r  g ly c o s y l t r a n s f e r a s e  
197enzymes p roposed  th e  fo llo w in g  r e a c t io n  seq u en ce .
The su c ro se  and th e  a c c e p to r  m olecu le  a re  hound s im u lta n e o u s ly  
to  th e  enzyme donor and r e c e p to r  s i t e s  r e s p e c t iv e ly .  The g lu c o ­
p y ra n o sy l group i s  t r a n s f e r r e d  from  th e  s u b s t r a te  to  th e  a c c e p to r  
w ith  th e  r e le a s e  o f  a  f r u c to s e  m olecu le  and f u r th e r  g lu c o p y ra n o sy l 
u n i t s  a re  th e n  t r a n s f e r r e d  from a  su c c e s s io n  o f su c ro se  m olecu les 
to  th e  p rim a ry  c a rh in o l  o f  th e  te rm in a l  n o n -re d u c in g  D -g lucopyranosy l 
u n i t  o f  th e  grow ing c h a in .  Chain s y n th e s is  i s  te rm in a te d  w ith  th e  
d i s s o c i a t i o n  o f  th e  a c c e p to r  -enzyme com plex.
189E b e r t assum ing t h a t  c h a in  p ro p a g a tio n  o ccu rs  from th e  re d u c in g  
end s u g g e s te d  th e  fo llo w in g  r e a c t io n  seq u en ce . A su c ro se  m olecu le  
e n te r s  th e  d e x tra n s u c ra se  donor s i t e ,  i s  h y d ro ly se d , and th e  
D -g lu co p y ran o sy l u n i t  so r e le a s e d  i s  t r a n s f e r r e d  to  th e  r e c e p to r  s i t e  
o f  th e  enzyme. A second s u b s t r a te  m o lecu le  th e n  e n te r s  th e  new ly 
v a c a te d  donor s i t e ,  i s  h y d ro ly se d , and th e  c h a in  s y n th e s is  p roceed s 
v ia  th e  t r a n s f e r  o f  th e  D -g lu co p y ran o sy l u n i t  to  th e  C_-1 p o s i t io n  
o f  th e  D -g lu co p y ran o sy l u n i t  in  th e  r e c e p to r  s i t e  and th e  c h a in  i s  
p ro p a g a te d  by  a  r e p e t i t i o n  o f  t h i s  sequence o f  r e a c t io n s .  T e rm in a tio n  
o ccu rs  w ith  th e  d i s s o c ia t io n  o f  th e  dextran-enzym e com plex.
E x p erim en ta l ev id en ce  a v a i la b l e ,  up to  p r e s e n t ,  i s  i n s u f f i c i e n t  
to  d e te rm in e  which o f  th e  two mechanisms in  f a c t  o p e ra te s  in  d e x tra n  
s y n th e s i s .
E a r ly  s tu d ie s  on th e  d e x tra n s u c ra se  system  su g g e s te d  th a t  th e  
s k e l e t a l  a - ( l —^ 6 )  lin k a g e s  and th e  non-oc-(l— 6) l in k a g e s  a t  th e
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123b ran ch  p o in t s ,  may have been  p roduced  by  d i f f e r e n t  enzyme system s ,
th e  ’b ra n c h in g  enzyme* h av in g  a  d i f f e r e n t  io n  req u irem en t and h e a t 
98,199_ f u r t h e r
,3 4 , 8 1 , 124, 185,189
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s t a b i l i t y  • F u r th e r  s tu d ie s  however f a i l e d  to  s u b s t a n t i a t e
th e s e  f in d in g s '
195 198 19g
Bovey su g g e s te d  th a t  b ran ch e s  c o n s is t in g  o f a  s in g le
D -g lu co p y ran o sy l u n i t  m ight a r i s e  from  th e  D -g lucopy ranosy l u n i t s  
o f  su c ro se  b e in g  t r a n s f e r r e d  to  seco n d ary  p o s i t io n s  in  th e  d e x tra n  
c h a in  and t h a t  lo n g  b ran ch es  m ight a r i s e  from  th e  s c i s s io n  and 
t r a n s f e r  o f  l i n e a r  a(1—^  6 )- l in k e d  p o r t io n s  o f  th e  s k e l e t a l  ch a in s  to  
seco n d a ry  p o s i t i o n s ,b y  a  second enzyme sy stem .
T his l a t t e r  h y p o th e s is  a ro s e  from  experim en ts  in  id iich  Bovey
found  t h a t  d e x tra n s  c o n tin u e d  to  in c re a s e  in  m o lecu la r  w eigh t even
a f t e r  a l l  th e  s u b s t r a te  (su c ro se )  had  been  e x h a u s te d . T h is , i t  was 
201l a t e r  p o in te d  ou t , may have been  due to  a s s o c ia t io n  o f  th e  d e x tra n  
m o le c u le s .
202E b e rt su g g e s te d  th a t  th e  fo rm a tio n  o f  b ran ch es  o ccu rs  idien 
segm ents o f  d e x tra n  a re  t r a n s f e r r e d  to  seco n d ary  p o s i t io n s  a t  th e  
re d u c in g  ends o f  d e x tra n  a c c e p to r  m o le c u le s . Such a.m echanism  would 
however te n d  to  p roduce a  m o lecu le  in  which th e  le n g th s  o f  th e  b ran ch es  
a re  random ly d i s t r i b u t e d ,  w hereas, in  f a c t ,  most d e x tra n s  ap p ea r to  
c o n ta in  a  few  lo n g  and a  la rg e  number o f  v e ry  s h o r t  b ra n c h e s ,
197
A f u r t h e r  mechanism s u g g e s te d  by  Hehre p roposed  th e  b u i ld in g  
up o f  b ran ch e s  by  th e  t r a n s f e r  o f  g lu c o sy l u n i t s  to  th e  n o n -red u c in g  
c h a in  ends o f  d e x tra n  c h a in s  a t  th e  seco n d ary  p o s i t io n s  and th e  
s im u ltan e o u s  p ro p a g a tio n  o f  b ran ch es  by a  s in g le  c h a in  m echanism .
These f in d in g s  would a g a in  y i e ld  a  m olecu le  w hich does no t 
co rresp o n d  w ith  th e  known d e x tra n  b ran ch  le n g th  d i s t r i b u t i o n .
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203Sidebotham  su g g e s te d  th a t  th e  fo llo w in g  mechanism ap p ea rs  to  
be th e  most l i k e l y .  The s h o r t  b ran ch es  in  d e x tra n  m o lecu les a r i s e  
as  a  r e s u l t  o f  g lu c o p y ra n o sy l t r a n s f e r  to  seco n d ary  p o s i t io n s  in  th e  
d e x tra n  c h a in , due to  th e  n o n - to t a l  s p e c i f i c i t y  o f  th e  d e x tra n su c ra se  
enzyme, and th e  b ran ch  c h a in  i s  th e n  p ro p a g a te d  v ia  a  m u ltic h a in  
mechanism . The lo n g e r  ch a in s  must a r i s e  from  th e  t r a n s f e r  o f whole 
segm ents o f  a - ( l — 6 )- l in k e d  g -g lu c o p y ra n o sy i u n i t s  to  seco n d ary  
p o s i t io n s  in  th e  d e x tra n  c h a in .
IA.6 C onclusions
D ex trans a re  p o ly g lu can s  p roduced  th ro u g h  th e  a c t io n  o f  th e  fa m ily  
o f  enzymes known a s  d e x tra n s u c ra s e s ,  when a  v a r i e ty  o f  m icro -o rgan ism s 
a r e  grown on s u c ro se -b a se d  s u b s t r a t e s .  They a r e  composed o f  
sequences o f  a - ( l — 6 )- l i n k e d  D -g lu co p y ran o sy l u n i t s ,  some o f  which 
c a r r y  b ran ch e s  a t  th e  C_-3 p o s i t i o n  and p o s s ib ly  a ls o  a t  p o s i t io n s  ^ -2  
a n d /o r  £ -4 -  I s o la t e d  (o r  i s o l a t e d  p o r t io n s  o f) a - (  1— 3 )- l in k e d  
D -g lu co p y ran o sy l u n i t s  may a ls o  o c c u r , e s p e c i a l l y  in  w a te r - in s o lu b le  
p o ly s a c c h a r id e s .
The ty p e s  and p ro p o r tio n s  o f  seco n d ary  lin k a g e s  in  a  d e x tra n  a re  
c h a r a c t e r i s t i c  o f  t h a t  p o ly s a c c h a r id e  e la b o ra te d  by  a  p a r t i c u l a r  
m ic ro -o rg an ism , and th e  d e x tra n s  exam ined to  d a te  c o n ta in  2-33% o f 
b ra n c h in g  u n i t s .
The m a jo r i ty  o f  th e  b ran ch es  in  th e  d e x tra n s  so f a r  in v e s t ig a te d  
com prise a  s in g le  D -g lu co p y ran o sy l u n i t ,  b u t th e r e  i s  some ev idence  to  
in d ic a te  th e  p re se n c e  o f  v e ry  lo n g  b ran ch es  in  some d e x tra n s .
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The most common s t r u c t u r a l  segment o c c u rr in g  in  d e x tra n s  i s  t h a t  
r e p re s e n te d  by s t r u c t u r e  ( l l )  and  th e  s t r u c t u r a l  u n i t  (Vl) i s  common 
to  a l l  d e x tra n s  so f a r  in v e s t ig a te d .  W ater—in s o lu b le  d e x tra n s  te n d
to  c o n ta in  a r e l a t i v e l y  h ig h  p ro p o r t io n  o f  a - ( l —^ 3 )  l in k a g e s  which 
o ccu r a t  o th e r  th a n  b ran ch  p o in t s .
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IB D ex trans and D en ta l C a rie s
IB1 The B as ic  R equirem ents f o r  th e  P ro d u c tio n  o f  D en ta l C a rie s
D ise a se s  o f  th e  t e e t h  and th e  su p p o r tin g  s t r u c t u r e s  a re  th e  
most w id esp read  o f  a l l  th e  d is e a s e s  o f  man. C hronic p e r io d o n t i t i s  
(p y o rrhoea) an  in flam m ato ry  d is e a s e  in v o lv in g  th e  g ra d u a l d e s t r u c t io n  
o f  th e  s u p p o r tin g  t i s s u e s  o f  th e  t e e t h ,  i s  th e  p r in c ip a l  cause  o f 
to o th  l o s s ,  c lo s e ly  fo llo w ed  hy  d e n ta l  c a r i e s ,  th e  f a m i l i a r  to o th  
decay , w hich i s  th e  m ajor cause  o f to o th  lo s s  in  s u b je c ts  u nder th e  
age o f  tw en ty  Both o f th e s e  d is e a s e s  a p p ea r to  a r i s e  as  th e
r e s u l t  o f  th e  p re sen ce  in  th e  o r a l  c a v i ty  o f v a r io u s  b a c t e r i a  which 
produce a  'g e la t in o u s  f e l t - l i k e  mass* known a s  d e n ta l  p la q u e , which 
c o v e rs , o r  p a r t i a l l y  c o v e rs , th e  to o th  s u r fa c e s  and o ccu p ies  th e  
g in g iv a l  m arg in s .
I t  was Van Leeuwenhoek^*^^ a p p ro x im a te ly  th r e e  hundred  y e a rs  ago, 
who f i r s t  r e p o r te d  th e  p re sen ce  o f b a c t e r i a  in  th e  o r a l  .c a v ity , w h ils t
208 207d e v e lo p in g  th e  m icro sco p e . W.D. M il le r   ^ , some two hundred
y e a rs  l a t e r ,  commented t h a t  th e  c a r io u s  p ro c e s s  ap p ea red  to  o ccu r as
th e  r e s u l t  o f  th e  a c t i v i t y  o f  m icro -o rgan ism s a t  th e  c a r io u s  le s io n s
i . e .  th e  p o in ts  o f  a t t a c k  o f  th e  d is e a s e ,  a  view  l a t e r  endo rsed  by
B lack^^^"^^^ and G oadby^^^'^^^. B lack^^^ f i r s t  r e p o r te d  th e  p re sen ce
212
in  th e  o r a l  c a v i ty  o f  'g e l a t i n e  fo rm ing  m icro -o rgan ism s*  and Goadby 
named one such organism  B a c i l lu s  n e c r o d e n ta l i s . I t  was t h i s  group o f 
w orkers who f i r s t  in c o rp o ra te d  th e  te rm  'g e la t in o u s  m ic ro b ic  p laq u e  * 
in to  th e  d e n ta l  l i t e r a t u r e .
Oeskov first positively identified the caries—inducing bacteria as 
streptococci^l4'215^ confirming an original proposition by Goadby^^^,
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and he r e p o r te d  th e  p ro d u c tio n  hy  th e s e  m icro—organism s o f q u a n t i t i e s
o f  g e la t in o u s  p o ly s a c c h a r id e .
D e f in i t iv e  p ro o f  t h a t  c e r t a in  s t r a i n s  o f  m icro -o rg an ism  were
a g e n ts  in  th e  c a r i e s  p ro c e s s ,  came w ith  th e  in t r o d u c t io n  o f
g n o to h io t ic  (g e rm -free ) an im als  in to  d e n ta l  c a r i e s  r e s e a r c h .
216—219E a r ly  s tu d ie s  in  t h i s  f i e l d  were conducted  hy  O rland  e t  ad .
When g n o to h io t ic  r o d e n ts ,  w hich had been  ta k e n  by  C a e sa r ia n  s e c t io n  
and r e a r e d  u nder t o t a l l y  g e rm -free  c o n d i t io n s ,  were fe d  on a  s ta n d a rd  
s t e r i l e  d i e t ,  d e n ta l  c a r i e s  f a i l e d  to  d ev e lo p , even on a  m ic ro sco p ic  
s c a le ,  ov er a  p e r io d  o f  s e v e ra l  m onths, in d ic a t in g  th a t  c a r i e s  cou ld  
no t develop  in  th e  t o t a l  absence o f  b a c t e r i a .  The subsequen t
in t r o d u c t io n  o f  c e r t a i n  s t r a i n s  o f  b a c t e r i a  in to  th e  o r a l  c a v i ty  o f
• n . . . 220-223th e s e  an im a ls  p roduced  e x te n s iv e  c a r ie s
224In  i 960, Keyes , d is c o v e re d  th a t  one l i n e  o f  h am ste rs
descended  from a  c a r i e s - a c t i v e  fem ale t h a t  had  been  t r e a t e d  w ith
p e n i c i l l i n  to  d e p re ss  th e  c a r io g e n ic  f l o r a ,  was c a r i e s  r e s i s t a n t .
These an im als  rem ained  c a r i e s  r e s i s t a n t  u n le s s  th e y  became in f e c te d
by b e in g  caged w ith  n o n - r e s i s ta n t  h am ste rs  o r  by  th e  in t r o d u c t io n  o f
225-227c a r io g e n ic  m icro -o rgan ism s in to  t h e i r  o r a l  c a v i t i e s "
Guggenheim^^^” ^^^ d em o n stra ted  t h a t  when c o n v e n tio n a l an im als  ( r a t s )  
were c o n t in u a l ly  g iv e n  e ry th ro m y cin  in  t h e i r  d r in k in g  w a te r , in  o rd e r  
to  su p p re ss  th e  o r a l  m ic ro - f lo r a ,  a  s t a t e  o f  r e l a t i v e  g n o to b io s is  
c o u ld  be a c h ie v e d . The in t ro d u c t io n  o f  a  s t r a i n  o f  an  e ry th ro m y c in -  
r e s i s t a n t  b a c te r iu m  in to  th e  o r a l  c a v i ty  was th e n  employed to  demon­
s t r a t e  th e  e s ta b lis h m e n t o f  th e  m icro -o rgan ism  in  th e  o r a l  c a v i ty  and 
i t s  c a r io g e n ic  p o t e n t i a l .
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In  o rd e r  to  d em o n stra te  th e  c o lo n is a t io n  o f  th e  o r a l  c a v i ty  under
231c o m p e tit iv e  c o n d i t io n s ,  F i t z g e r a ld  and Keyes , in tro d u c e d  an  a n t i b i o t i c -
r e s i s t a n t  ■ s t r a i n  o f  th e  m icro -o rg an ism  under in v e s t ig a t io n ,  in to  th e
o r a l  c a v i ty  o f  a  norm al ro d e n t .  A f te r  a  s u i t a b le  p e r io d  o f tim e  had
e la p se d  sam ples o f  p laq u e  were ta k e n  from  v a r io u s  lo c a t io n s  in  th e
o r a l  c a v i ty  and grown on th e  a n t ib io t i c - c o n t a in i n g  medium. Thus, th e
e s ta b lish m e n t and th e  s i t e s  on lo c a t io n  o f  th e  c o lo n ie s  o f  th e
in tro d u c e d  m icro -o rgan ism  co u ld  be d e te rm in e d .
U sing  g n o to h io t ic  te c h n iq u e s  s e v e ra l  m icro -o rgan ism s have been
shown to  be c a r io g e n ic  in  m o n o -in fec te d  ex p e rim e n ta l an im als  (u s u a l ly
221 2 32r a t s ) • These in c lu d e  L a c to b a c i l lu s  a c id o p h ilu s  , L. c a s e i  ,
233,234 234 235Acetomyces v is c o su s  , A. n a e s lu n d i i  , S tre p to c o c c u s  f a e c a l i s  ,
236 237 238S. mutans OMZ 6 l , _S. mutans C67-1 , mutans D 282 ,
222 222 222 222 S. s t r a i n  GF-71 , S. s t r a i n  LM7 , S . s t r a i n  PK1 , 8 . s t r a i n  GS-5
S_. s t r a i n  882^^^, 8 . s t r a i n  8BEL^^^ , 8^ . s t r a i n  P65^^^, S . s t r a i n  I)l82^^ *^
241and a  S tre p to c o c c u s  r esem bling  8^ . s a l i v a r iu s
A lthough g n o to h io t ic  s tu d ie s  h av e , w ith o u t d o u b t, been  o f  g re a t
u se  in  th e  in v e s t ig a t io n  o f  th e  c a r i e s  problem , c a re  sh o u ld  be
e x e rc is e d  in  th e  i n t e r p r e t a t i o n  o f  th e  r e s u l t s  o b ta in e d .
The u se  o f la b o ra to r y  ro d e n ts  has th e  obvious ad v an tag es  o f  ease
o f  h a n d lin g  and ch ea p n ess . However, th e  d e n t i t i o n  o f  ro d e n ts  i s  no t
id e n t i c a l  w ith  t h a t  o f  human b e in g s  and th e  copraphagous h a b i t s  o f 
ro d e n ts  re n d e r  them f a r  from  id e a l  an im als  f o r  fe e d in g  s tu d ie s .
F u rth e rm o re , th e  e s ta b lish m e n t o f a  p a r t i c u l a r  s t r a i n  o f  m icro ­
organ ism  in  th e  o r a l  c a v i ty  o f a  g n o to h io t ic  ro d en t does no t 
n e c e s s a r i ly  im ply  th a t  th e  same m icro -o rgan ism  would become e s ta b l i s h e d  
in  v ivo  u n d er c o n d itio n s  o f  c o m p e tit io n .
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The m icro -o rgan ism s u sed  to  in f e c t  th e  g n o to h io t ic  ro d e n ts  a re  
grown up i n i t i a l l y  in  l i q u id  c u l tu r e  and th e y  h ave , m  v i t  i f  o , a 
mean d o u b lin g  tim e o f  0 ,5  h o u rs , i . e .  10^ d au g h te r  b a c t e r i a  r e s u l t  
from  a  s in g le  b a c te riu m  a f t e r  o n ly  15 ho u rs  g row th . Thus, ample 
scope f o r  m u ta tio n  o f th e  c u l tu r e  e x i s t s  in  th e  co u rse  o f  an  
e x p e rim e n t.
N o tw ith s ta n d in g  th e s e  l i m i t a t i o n s ,  g n o to h io t ic  s tu d ie s  have 
d em o n stra ted  t h a t  one m ajor re q u ire m e n t, f o r  th e  p ro d u c tio n  o f 
d e n ta l  c a r i e s ,  i s  th e  p re s e n c e , in  th e  o r a l  c a v i ty ,  o f c e r t a in  
b a c t e r i a .
A f u r th e r  f a c t o r  c o n t r ib u t in g  to  th e  p ro d u c tio n  o f  d e n ta l  c a r ie s
i s  th e  ty p e  o f  d ie t  consumed by  th e  in d iv id u a l .  The e f f e c t  o f food
g e n e r a l ly  on th e  p o p u la tio n s  o f  th e  v a r io u s  o r a l  m icro -o rgan ism s has
242been  rev iew ed  by  Bowen . The r e l a t io n s h ip  betw een food  in ta k e
and c a r i e s  in c id e n c e  can be most s u c c e s s f u l ly  d em o n stra ted  by
s tu d y in g  e i t h e r  humans who a re  b e in g  fe d  by stom ach tube^^^*^^^  o r  by
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tu b e - f e e d in g  la b o ra to r y  an im als  . In  such c a s e s ,  a  g e n e ra l f a l l  in  
th e  p o p u la t io n  o f  l a c t o b a c i l l i  r e s u l t s  b u t th e  p o p u la tio n  o f  o r a l  
s t r e p to c o c c i  rem ains c o n s ta n t .
De S to p p e la a r  ^  a l^ ^ ^  d em o n stra ted  t h a t  a t  tim es  o f  ca rb o h y d ra te  
r e s t r i c t i o n  th e  p ro p o r tio n  o f S tre p to c o c c u s  mutans f e l l  to  a  v e ry  low 
le v e l  w hereas t h a t  o f  _8. san g u is  r o s e .  However, th e r e  i s  ev idence  
t h a t  th e  m e ta b o lic  a c t i v i t y  o f  th e  p laque  i s  g r e a t ly  a l t e r e d  under 
c o n d i t io n s  o f  d r a s t i c a l l y  reduced  o r a l  food  in ta k e .
The e a t in g  o f  f ib ro u s  f o o d s tu f f s ,  a s  in  p r im it iv e  d i e t s ,  
m arked ly  red u ce s  th e  in c id e n c e  o f d e n ta l  c a r i e s ,  and p r im it iv e  t r i b e s
246-254
a re  found  to  h a rb o u r a  wide v a r i e ty  o f o r a l  f l o r a
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A ll th e  s tu d ie s  how ever su g g es t t h a t  l i t t l e  a c id  i s  p roduced  
hy  th e  d e n ta l  p laq u e  o f  p r im i t iv e  tr ib e sm e n  even when a  h ig h ly  
c a r io g e n ic  d ie t  i s  consumed f o r  a  s h o r t  p e r io d  o f  t im e . H ow ev er, 
w ith  th e  adven t o f  c i v i l i s a t i o n  to  p r im i t iv e  a r e a s ,  ram pant c a r ie s  
i s  o f te n  seen  to  develop  in  th e  in d ig en o u s  p o p u la t io n .
The one d ie ta r y  component most commonly c i te d  as  th e  m ajor 
cause  o r  c a r io g e n is i s  i s  s u c ro s e ,  common s u g a r .  The ev id en ce ,
255 239la r g e ly  c i r c u m s ta n t ia l ,  has been  rev iew ed  by  Newbrun , W inter
256and Leach , and i s  sum m arised below .
S ucrose  i s  th e  m ajor d i e t a r y  su g a r in  advanced c i v i l i s a t i o n s ,  
where th e  in c id e n c e  o f  c a r i e s  i s  much h ig h e r  th a n  in  p r im it iv e  
s o c i e t i e s ,  b u t i t  i s  e i t h e r  a b se n t from , o r  i s  o n ly  a  m inor component 
in ,  p r im i t iv e  d i e t s .
I f  a  s e l e c t i o n  o f  common d i e t a r y  su g a rs  a re  s e p a r a te ly  
in tro d u c e d  in to  w a x -s tim u la te d  s a l i v a ,  o r a  s u sp e n s io n  o f  d e n ta l  
p la q u e , th e n ,o n  in c u b a tio n ,  th e  s u c ro s e -c o n ta in in g  d ig e s t  i s  found
257to  p roduce cop ious q u a n t i t i e s  o f  te n a c io u s  m a te r ia l  (p o ly sa c c h a r id e s )  • 
The m ic ro -o rg an ism s w hich have been  shown to  produce d e n ta l  
c a r i e s  in  m o n o -in fec te d  an im als  a ls o  p roduce la rg e  q u a n t i t i e s  o f s t i c k y  
p o ly s a c c h a r id e  m a te r ia l  when grown in  a  su c ro se  c o n ta in in g  
m e d i u m ^ ' m o r e  so th a n  in  a  medium c o n ta in in g  o th e r  mono-
or disaccharies^'17,33'187,258,
More d e n ta l  p la q u e  i s  p roduced  b o th  v i t ^ o  and m  v iv o , 
on th e  smooth s u r fa c e s  o f  th e  t e e t h ,  when su c ro se  i s  g iv e n  a s  a 
d i e t a r y  component r a th e r  th a n  one o f  th e  o th e r  common d ie ta r y
s u g a r s ^ , 822 ,258 -263 .
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Human c l i n i c a l  s tu d ie s  have shown th a t  c a r ie s  in c id e n c e  i s  
p r o p o r t io n a l  to  su c ro se  in ta k e  and fu r th e rm o re , in d iv id u a ls  w ith  
h e r e d i t a r y  f r u c to s e  in to le r a n c e ,  who a re  u n ah le  to  consume any 
su c ro se  in  t h e i r  d i e t s ,  have a  much low er c a r ie s  in c id e n c e  th a n  
norm al in d iv id u a l s .
Guggenheim^^^ however s t r e s s e s  t h a t  th e  t o t a l  rep lacem en t o f 
su c ro se  in  th e  d i e t  hy  o th e r  m onosaccharides o r  d is a c c h a r id e s  would 
n o t t o t a l l y  e l im in a te  c a r i e s .
The t h i r d  m ajor f a c t o r  a s s o c ia te d  w ith  d e n ta l  c a r i e s  i s  th e  
s u s c e p t i b i l i t y  o f  th e  h o s t .  C a rie s  s u s c e p t i b i l i t y  i s  th e  te rm  used  
to  d e s c r ib e  th e  r e l a t i v e ,  in h e re n t o r  a c q u ire d  p r e d is p o s i t io n  o f  a 
p e rso n , an  in d iv id u a l  to o th  o r  an  in d iv id u a l  to o th  s u r fa c e  to  d e n ta l
. 265c a r ie s
S e v e ra l w o rk e rs , and groups o f  w o rk e rs , have in v e s t ig a te d  th e  
complex v a r i a t io n s  in  to o th  s u r fa c e  c a r i e s  s u s c e p t i b i l i t i e s ,  and th e  
r e a d e r  i s  r e f e r r e d  to  p u b l ic a t io n s  by  P a r f i t t ^ ^ ^ ,  B a rr  _et a l^ ^ ^ ,
268 269 270 271Toverud e;fc ^  , B acker D irk s  , M art h a l e r  and Berman and S lack  •
The c a r i e s  s u s c e p t i b i l i t i e s  o f  in d iv id u a ls  d i f f e r  w id e ly , due 
p a r t i a l l y  to  such  c o n d itio n s  a s  to o th  sp a c in g  and th e  dep th  and 
arrangem en t o f  th e  p i t s  and  f i s s u r e s  in  th e  to o th  s u r f a c e s .  Food 
p a r t i c l e s  can  become im pacted  in  th e  p i t s ,  f i s s u r e s  and grooves in  
th e  o c c lu s i a l  s u r f a c e s  ( s u lc i )  and cannot e a s i l y  be removed by
272b ru s h in g  . I f ,  how ever, th e s e  im p e rfe c tio n s  in  th e  to o th  s t r u c t u r e
a re  f i l l e d  w ith  a d h e s iv e  p l a s t i c ,  c a r ie s  in c id e n c e  i s  m arkedly  
273
red u ced
The r a t e  o f  s a l i v a  flo w  a l s o  c o n t r ib u te s  to  th e  c a r ie s  
s u s c e p t i b i l i t y  o f  an  in d iv id u a l . In  human b e in g s , th e  c o n d it io n  o f
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x e ro s to m ia  ( *dry-mouth*) i s  accom panied by  ram pant c a r i e s .  V arious
human s tu d ie s  have shown a  c o r r e l a t i o n  betw een low s a l i v a  flow  and a
274—277h ig h  c a r i e s  ex p e rie n c e  and  th e  s u r g ic a l  rem oval o f  th e  s a l i v a r y
g la n d s  o f  l a b o ra to r y  an im als  induced  ram pant c a r ie s  when th e  an im als
„ , 4- 4-• 1 , . , 278—280were fe d  on a  p o t e n t i a l l y  c a r io g e n ic  d ie t  .
The e a t in g  h a b i t s  o f  th e  h o s t a r e  a l s o  found to  c o n t r ib u te  to  th e  
h o s ts  s u s c e p t i b i l i t y  to  c a r io u s  a t t a c k .  L a b o ra to ry  an im als  te n d  to  
d evelop  more se v e re  c a r ie s  when a llo w ed  to  fe e d  ^  l ib i tu m  th a n  do 
s im i la r  an im a ls  who a re  g iv e n  l a r g e r  m eals o f th e  same d i e t  l e s s
281-283 A s im i la r  r e l a t io n s h ip  betw een fre q u e n c y  o f
284,285
f r e q u e n t ly
fe e d in g  and  c a r i e s  e x p e rie n c e  has been  found in  human s tu d ie s
The m ajor re q u ire m e n ts  f o r  th e  p ro d u c tio n  o f  c a r ie s  have been
286sum m arised d ia g ra m m a tic a lly  by Scherp  .
F ig u re  1 1 Scherp*s r e p r e s e n ta t io n  o f  th e  h o s t-p a ra s i te -e n v iro n m e n t 
complex as  i t  a f f e c t s  th e  t e e th
HOST MICRO 
FLORAC A R I E S ^
TEETH
A R IE S
SUBSTRATE 
( d iet )
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T his  d iagram m atic  r e p r e s e n ta t io n  se rv e s  to  i l l u s t r a t e  th a t  a l l  th r e e  
o f  th e  h a s ic  re q u ire m e n ts , a  s u s c e p t ib le  h o s t ,  a  so u rce  o f fe rm e n tab le  
ca rb o h y d ra te  and c e r t a in  ty p e s  o f  m ic ro f lo ra  must be p re s e n t b e fo re  
d e n ta l  c a r i e s  can d ev e lo p .
XB2 The Development o f  th e  D en ta l P laque and th e  C o lo n isa tio n  o f th e  
Tooth S u rface  by O ral B a c te r ia
I t  i s  now g e n e r a l ly  re c o g n ise d  th a t  d e n ta l  p laq u e  p la y s  a  m ajor 
r o le  in  th e  a e t io lo g y  o f d e n ta l  c a r i e s .
In  th e  p i t s ,  f i s s u r e s  and grooves o f  th e  to o th  s u r f a c e ,  food  
can become im pacted  and e s p e c ia l ly  in  th e  o c c lu s ia l  g ro o v es . This 
im pacted  food d e b r is  cannot be e a s i l y  removed by  b ru s h in g . On th e  
smooth s u r fa c e s  o f  t e e t h ,  how ever, such a  mechanism cannot o p e ra te .  
R a th e r , th e  to o th  s u r fa c e  becomes co a ted  in  d e n ta l  p laq u e  and th e  
m ic ro -o rg an ism s , which c o n s t i tu te  a  la rg e  p a r t  o f th e  p la q u e , a re  a b le  
to  m e ta b o lis e  d ie ta r y  ca rb o h y d ra te s  and p a r t s  o f  th e  complex o rg an ic
28T 288m a tr ix  o f  th e  p laq u e  to  produce o rg a n ic  a c id s  ’ ( th e  ac id o g e n ic  
th e o ry  o f  c a r i e s ) . T h is a c id  a t ta c k s  and  d é m in é ra lis é s  th e  enamel 
s u r fa c e  and c a r io u s  l e s io n s  a re  p ro duced .
I t  i s  p ro p o sed , in  t h i s  s e c t io n ,  to  t r a c e  th e  developm ent o f  
d e n ta l  p la q u e  from  th e  i n i t i a l  a c q u ire d  p e l l i c l e  s ta g e  to  th e  f i n a l  
m ature p la q u e .
The b u i ld  up o f  o r a l  p laq u e  d u rin g  p e r io d s  o f no o r a l  hyg iene 
has been  s tu d ie d  by  a  number o f  w o r k e r s 302^
The ap p ea ran ce  o f  an  e le c t r o n  dense c u t i c l e  c o v e rin g  th e  t o t a l l y -  
c le a n e d  s u r fa c e  o f  a  to o th  o r  an  e tch ed  enamel s u r fa c e  w ith in  two
294ho u rs  o f  p ro p h y la x is ,  has been  d em o n stra ted  by  Lenz and Muhlemann ,
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T h e ila d e ^ ^ ^ , M eckel^^^, F ran k  and B rendel^^^ , Leach and Saxton^^^, 
A rm strong^^^, Lee jet a l^ ^ ^  and Je n se n  a t ad 
u s in g  m ic ro sco p ic  and b a c t e r io lo g ic a l  te c h n iq u e s .
T his a c q u ire d  p e l l i c l e  i s  found to  c o n s is t  o f  a  m icro -o rg an ism - 
f r e e  c u t i c l e ,  up to  15 m icrons in  th ic k n e s s ,  d e r iv e d  from p ro te in s
302a r i s i n g  from  th e  e p i t h e r i a l  a ttach m en t lam ina o r from  s a l iv a r y  
g ly c o p ro te in s ,  o r  bo th^^^  30?^ C ontinuous w ith  t h i s  i s  a  sub­
s u r fa c e  c u t i c l e  w hich o ccu p ies  th e  p i t s  and f i s s u r e s  in  th e  t e e th  
and th e  i n t e r s t i t i a l  spaces  betw een th e  c r y s t a l l i t e s  o f  th e  damaged 
enamel o f  th e  c a r io u s  le s io n s ^ ^ ^ .  The a c q u ire d  p e l l i c l e  i s  
c o n t in u a l ly  re fo rm in g  over a l l  th e  a v a i la b le  s o l id  s u r fa c e s  in  th e  
o r a l  c a v i ty  and w i l l  even form  over e s ta b l i s h e d  p la q u e , e v e n tu a lly  
becom ing covered  by new m ic ro b ia l p la q u e , so p ro d u c in g  la m in a tio n  
l i n e s  observ ed  when th e  p laq u e  i s  exam ined in  section^^^*^^^*^^^*^^^  ^
W ith in  th r e e  days o f p ro p h y la x is ,  v a r io u s  m icro -o rgan ism s b e g in  
to  c o lo n is e  th e  a c q u ire d  p e l l i c l e  s u r fa c e ^ ^ ^ ’ 293»300,301^ These
. . .  . 289, 292, 300, 301,290com prise l a r g e ly  o f  g ra m -p o s it1ve c c c c i  ^  ^ .
A ss o c ia te d  w ith  th e s e  m ic ro -o rg an ism s, in  th e  p re sen ce  o f th e
components o f  a  norm al d i e t ,  i s  a  la rg e  q u a n t i ty  o f e x t r a c e l l u l a r
p o ly s a c c h a r id e  m a te r ia l^ ^ ^ * ^ ^ ^ . T his w i l l  be more f u l l y  d isc u sse d
in  S e c t io n  1B4.
A f te r  th r e e  days th e  number o f gram n e g a tiv e  rods  and co cc i
312—314in c re a s e s  and fu s o b a c te r ia  and f i la m e n ts  b e g in  to  ap p ea r •
A f te r  a  p e r io d  o f  ap p ro x im a te ly  a  week th e  g ra m -p o s itiv e  co cc i 
and ro d s  c o n s t i tu te  abou t 60^ o f  th e  t o t a l  f l o r a ,  th e  p ro p o r t io n  o f  
g ram -n eg a tiv e  co cc i and ro d s  and f i la m e n ts  and fu s o b a c te r ia  in c re a s e
313 315s i g n i f i c a n t l y  and a  few s p i r i l l a  a re  to  be d e te c te d  ’ . There
i s  a  te n d en cy  as  p laq u e  d ev e lo p s , f o r  th e  p ro p o r t io n  o f  a n a e ro b ic
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m icro -o rg an ism s to  in c re a s e  and th e  p ro p o r tio n  o f a e ro b ic  m icro­
organism s to  d e c re a s e .
A f te r  some th r e e  o r fo u r  weeks th e  organism s in  th e  low er la y e r s  
o f  th e  p laq u e  d ie  g iv in g  r i s e  to  g h o s t l ik e  s t r u c tu r e s  when viewed
th ro u g h  th e  e l e c t r o n  m icroscope and th e  p laq u e  m a tr ix  components
315b e g in  to  c r y s t a l l i s e  g iv in g  r i s e  to  d e n ta l  c a lc u lu s
The p a t t e r n  o f  th e  p ro d u c tio n  o f  d e n ta l  p laq u e  can be seen  i f  
m ature d e n ta l  p laq u e  o r  c a lc u lu s  i s  s tu d ie d  in  s e c t io n .  S ev e ra l 
methods a re  a v a i la b le  f o r  th e  p ro d u c tio n  o f m ic ro - th in  s e c t io n s  o f  
d e n ta l  p la q u e . The most u s u a l method in v o lv e s  th e  f i t t i n g  o f
T294,296,316 T 317 .J. 318 319 . 320enamel g la s s  s l i d e s  , c e l lo id i n  , a g a r  w ire
o r  p l a s t i c  fo ils^ ^ ^ '^ ^ ^ * ^ ^ ^ * ^ ^ ^  in to  p r o s th e t i c  d e v ic e s .  The 
p r o s th e t i c  d ev ice  i s  removed from  th e  o r a l  c a v i ty  a f t e r  s e v e ra l  days, 
th e  p laq u e  sam ple i s  s e c tio n e d ,  s ta in e d ,  and examined by  v i s i b l e  o r  
e l e c t r o n  m icroscopy . Some w orkers have u sed  e x t r a c te d  human t e e th  
f o r  such s tu d ie s  b u t th e  p laq u e  in  such case s  i s  o f  u n c e r ta in  o r ig in
297, 298, 322- 324^
325S ch ro ed er and De Soever have d e f in e d  th e  s t r u c t u r a l  components 
c h a r a c t e r i s t i c  o f  m ature p la q u e .
The p la q u e - to o th  in t e r f a c e  c o n s is ts  o f  an  e s s e n t i a l l y  m icro­
o rg a n ism -fre e  c u t i c l e  v e ry  s im i la r  t o ,  b u t n o t id e n t i c a l  t o ,  th e  
a c q u ire d  p e l i c l e .  A tta ch ed  to  t h i s  i s  th e  su b su rfa c e  c u t i c l e ,  a  
f i b r i l l a r  meshwork o f  s a l i v a r y  p r o te in  o r ig in  which sp read s  in to  th e  
i n t e r c r y s t a l l i n e  sp aces  o f  eroded  enam el^^^*^^^ '^^^ . A t h i r d  
component o f  th e  p la q u e - to o th  in t e r f a c e  i s  a  s e r i e s  o f f i b r i l s  o f 
th io sem icarb az id e -o sm iu m  p o s i t iv e  m a te r ia l  co n tin u o u s w ith  th e  
p laq u e  m a tr ix .  T his m a te r ia l ,  b a c t e r i a l  e x t r a c e l l u l a r  w a te r - in s o lu b le
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p o ly s a c c h a r id e , i s  produced  hy  th e  p laq u e  m ic ro -o rg an ism s. In  some
sam ples o f  m ature d e n ta l  p laq u e  th e  p ro te in a c e o u s  c u t i c l e  i s  o f te n
a b se n t and th e  b a c t e r i a l  p o ly s a c c h a r id e  i t s e l f  i s  in  d i r e c t  c o n ta c t
w ith  th e  to o th  s u r f a c e .  Such a  s i t u a t i o n  i s  a lm ost in v a r ia b ly
a s s o c ia te d  w ith  se v e re  e ro s io n  o f th e  d e n ta l  enam el.
The la y e r  im m ediate ly  above th e  c e l l - f r e e  c u t i c l e  has been
term ed  th e  condensed m ic ro b ia l la y e r  by  S ch roeder and H irz e l^ ^ ^  and
i t  com prises th e  f i r s t  c o lo n ie s  o f m icro -o rgan ism s to  invade th e
to o th  s u r f a c e .  These m ic ro -o rg an ism s, p red o m in an tly  s t r e p to c o c c i ,
a re  c h a r a c te r i s e d  by a  h ig h  number o f  c e l l  d iv id in g  p la n e s  which l i e
p a r a l l e l  to  th e  to o th  s u r f a c e .  The condensed m ic ro b ia l la y e r
c o n s is t s  o f  ap p ro x im a te ly  70^ s t r e p to c o c c i  and 30^  e x t r a c e l l u l a r
327p o ly s a c c h a r id e  w hich o ccu p ies  th e  narrow  i n t e r c e l l u l a r  spaces .
A f te r  th e  f i r s t  in v a s io n  o f  th e  to o th  s u r fa c e  by  c o lo n ie s  o f 
s t r e p to c o c c i  f u r t h e r  accu m u la tio n s  o f  m ic ro b ia l c e l l s  and e x t r a ­
c e l l u l a r  m a te r ia l  o ccu r and i t  i s  t h i s  m a te r ia l  t h a t  c o n s t i tu te  th e  
b u lk  o f  m ature d e n ta l  p laque^^^*^^^*^^^ . With th e s e  f u r th e r  
a c c u m u la tio n s , d i v e r s i f i c a t i o n  o f  th e  m ic ro f lo ra  o f  th e  p laque  
o c c u rs .  F ilam en to u s  m icro -o rgan ism s form  a  s ig n i f i c a n t  p ro p o r t io n  
o f  th e  p la q u e  and th e s e  te n d  to  l i e  w ith  t h e i r  lo n g  axes p e rp e n d ic u la r  
to  th e  to o th  su rface289 .291 ,292 ,297 ,309 ,323 ,329 ,330_
ro d s  s t i l l  c o n s t i tu te  th e  m ajor p ro p o r t io n  o f  th e  p laq u e  m icro­
organism s and sm all compact c o lo n ie s  o f c o cc i can be observed  when 
th e  p laq u e  i s  s tu d ie d  in  s e c t io n .  Around th e  m ic ro b ia l c o lo n ie s  and
f i l l i n g  th e  i n t e r c e l l u l a r  spaces  e x t r a c e l l u l a r  b a c t e r i a l  p o ly -
17,297 298s a c c h a r id e s  a re  to  be d e te c te d  . The p o ly sa c c h a r id e  i s
most dense around th e  co cco id  m icro -o rgan ism s and th e r e  i s  ev idence
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to  su g g es t t h a t  th e  volume o f b a c t e r i a l  p o ly sa c c h a r id e  i s  d i r e c t l y
261 331 332p ro p o r t io n a l  to  th e  in ta k e  o f  su c ro se  by  th e  h o s t ’ ’ .
Some o f  th e  i n t e r c e l l u l a r  sp aces  ap p ea r s t r u c t u r e l e s s  and i t  i s  
p o s s ib le  t h a t  th e s e  a re  empty sp aces  t h a t  were occup ied  by  w a te r -  
s o lu b le  p o ly s a c c h a r id e s  which were le a c h e d  out in  th e  p ro c e s s in g  o f 
th e  s a m p le s ^ '^ ^ ^ '^ ^ ^ .
The ap pea rance  o f th e  p laq u e  s u r fa c e  v a r ie s  m o rp h o lo g ic a lly  
depend ing  on th e  p ro p o r t io n  o f  th e  d i f f e r e n t  m icro -o rgan ism s in  th e  
p la q u e . The p laq u e  s u r fa c e  o f  a  f i l a m e n t - r ic h  p laq u e  i s  composed 
l a r g e ly  o f f ila m e n to u s  m icro -o rgan ism s in te r s p e r s e d  by  a  few cocco id  
c o lo n ie s .  T his g iv e s  th e  f r e e  s u r fa c e  a  r id g e d  ap p ea ran ce . The 
s u r fa c e  o f a  f i la m e n t-p o o r  p laq u e  c o n s is ts  o f co cco id  organism s which 
form  an  even f r e e  s u r f a c e .  A sso c ia te d  w ith  th e  f r e e  s u r fa c e  o f b o th  
ty p e s  o f  p laq u e  i s  a  la rg e  number o f i n t e r c e l l u l a r  spaces and a la rg e  
amount o f  s l i g h t l y  e le c tro n -d e n s e  e x t r a c e l l u l a r  p o ly s a c c h a r id e ^ ^ ^ ’
IB3 C a rie s  P re v e n tio n  and th e  C o n tro l o f  D en ta l P laque
S ince  th e  p re se n c e  o f  th e  p laq u e  d e p o s its  on th e  to o th  i s  a,
f a c t o r  s in e  qua non f o r  th e  p ro d u c tio n  o f  smooth s u r fa c e  c a r i e s ,  i t
seems re a so n a b le  to  assume t h a t  c a r e fu l  c o n tro l  o f d e n ta l  p laque  w i l l
337r e s u l t  in  a  d e c re a se  in  c a r i e s  in c id e n c e  .
The most commonly a p p l ie d  method o f p laq u e  c o n tro l  i s  by 
m echan ica l to o th  c le a n s in g  i . e .  b ru s h in g . There a re  c o n f l i c t i n g  
r e p o r ts  on th e  r e l a t io n s h ip  betw een r e g u l a r i t y  o f  to o th  b ru sh in g  and 
th e  s t a t e  o f  o r a l  hyg iene^^^” ^^^ and to o th  c le a n s in g  regim es b ased  
upon to o th  b ru sh in g  tw ic e  o r th r e e  tim es  a  day a re  s c i e n t i f i c a l l y  
un founded .
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LoQ have dem on stra ted  t h a t  th o ro u g h  b ru s h in g  once ev e ry
second  day i s  s u f f i c i e n t  to  m a in ta in  c l i n i c a l l y  h e a l th y  g in g iv a e  and
t e e t h  p ro v id e d  th a t  th e  recommended b ru sh in g  te c h n iq u e  i s  em ployed.
With a  sm a ll a p p l ic a t io n  o f tim e , te c h n iq u e  and e f f o r t  i t  i s  p o s s ib le
to  m a in ta in  adeq u a te  p laq u e  c o n tro l  by  sim p le  m echan ica l means^^^ ->46^
I n i t i a l  b io ch em ica l methods o f  p laq u e  c o n t ro l  in v o lv e d  th e
to p i c a l  a p p l ic a t io n  o f  crude p a n c re a t ic  enzyme p re p a ra t io n s  and
m ucinases to  th e  te e th ^ ^ ^  354^ When c e r t a i n  s t r a i n s  o f  o r a l
s t r e p to c o c c i  were shown to  be a b le  to  e la b o ra te  d e x tra n s  w hich form ed
a m ajor p a r t  o f th e  p laq u e  (se e  S e c tio n  1B4) fu n g a l d e x tra n a s e s  were
in v e s t ig a te d  f o r  t h e i r  a b i l i t y  to  a c t  a s  p la q u e - c o n t r o l l in g  a g e n ts .
I n i t i a l  in v e s t ig a t io n s  on a n im a ls , u s in g  d e x tra n a se  in c o rp o ra te d  in to
355t h e i r  d r in k in g  w a te r  and food , and u s in g  a r t i f i c i a l  p la q u e  w ere
s u c c e s s fu l  in  re d u c in g  th e  amount o f  p laq u e  and re d u c in g  su c ro s e - in d u c e d
a g g lu t in a t io n  o f  s t r e p to c o c c a l  c e l l s ^ ^ '^ ^ ^  b u t l a t e r  c l i n i c a l
312s tu d ie s ,  u s in g  h ig h ly  p u r i f i e d  enzymes, were u n s u c c e s s fu l
T here a re  s e v e ra l  p o s s ib le  e x p la n a tio n s  f o r  th e  f a i l u r e  o f 
d e x tra n a s e s  to  b re a k  down th e  p laq u e  m a tr ix  m  v iv o .
( i )  The enzyme p re p a ra t io n s  u sed  f o r  th e  e a r ly  work were 
r e l a t i v e l y  impure and p a r t  o f  th e  p laq u e  c o n t r o l l i n g  a b i l i t y  may have 
b een  due to  co n ta m in a tin g  p ro te a s e s  and c a rb o h y d ra se s .
( i i )  The p la q u e  produced  in  an im als  m o n o -in fec te d  by  a  s in g le  
s t r a i n  o f  p la q u e  m icro -o rgan ism  ( t h i s  was th e  model system  u sed  in  
some o f  th e  e a r l y  in v e s t ig a t io n s )  d i f f e r s  s u b s t a n t i a l l y  from  th a t  
p ro d u ced  in  v iv o  by  th e  ind igenous m ic ro f lo r a .
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( i i i )  been dem onstra ted  t h a t  fu n g a l d e x tra n a se s  a r e  u n ab le
to  degrade h ig h ly —branched  d e x tra n  s t r u c tu r e s  once th e  p o ly s a c c h a r id e  
i s  c o n s t i tu t e d .
( iv )  The dw ell tim e o f  th e  enzyme w ith in  th e  o r a l  c a v i ty  i s  to o  
s h o r t  f o r  a s ig n i f i c a n t  amount o f g lu c an  d e g ra d a tio n  to  o c c u r .
(v) The p laq u e  g lu can  i s  no t n e c e s s a r i ly  a  s im p le  d e x tra n  bu t 
may c o n ta in  p o ly s a c c h a r id e s  o f  th e  *mutan* ty p e .
(v i)  The c o n d itio n s  in  th e  o r a l  c a v i ty  a re  n o t th e  optimum f o r  
d e x tra n a se  a c t i v i t y .
As a r e s u l t  o f  th e s e  d i f f i c u l t i e s  much o f  th e  i n t e r e s t  in  
c a rb o h y d ra se s  as  p la q u e - c o n tr o l l in g  a g e n ts  has d e c l in e d .
C l in ic a l  in v e s t ig a t io n s  have su g g e s te d  th a t  t e e t h  exposed to  
n a tu r a l  f lu o r id e  a re  c le a n e r  th a n  t e e th  o f  s u b je c ts  l i v i n g  in  non­
f lu o r id e  a re a s  and th e  in c id e n c e  o f  d e n ta l  c a r i e s  i s  g r e a t ly  
d im in ish e d ”’^ '*.
L a b o ra to ry  ex p erim en ts  have in d ic a te d  t h a t  f lu o r in e  c o n c e n tra t io n s  
o f  more th a n  2 ^ 0  p .p .m . p re v e n t b a c t e r i a l  grow th and to p i c a l  
a p p l ic a t io n s  o f  f lu o r id e  in  anim al t r i a l s  have been  shown to  reduce
. 361,362p la q u e  count
R a th e r  th a n  re d u c in g  th e  b a c t e r i a l  g row th , i t  i s  more p ro b a b le  
t h a t  f lu o r id e  r e a c t s  w ith  th e  enam el, lo w erin g  th e  s u r fa c e  energy  
o f  th e  t e e t h ,  and re d u c in g  th e  a b i l i t y  o f  th e  enamel to  ad so rb  
p r o te in s  and p o ly s a c c h a r id e s ^ ^ ^ '364^
S in ce  th e  d e n ta l  p laque  i s  e s s e n t i a l l y  a  b a c te r io lo g ic a l  system  
i t  fo llo w s  t h a t  an a n t i b i o t i c  ag en t would d r a s t i c a l l y  red u ce  th e  
p la q u e  m icro—f l o r a  and hence th e  d e n ta l  p la q u e . P e n i c i l l i n ,  
t e t r a c y c l i n ,  sp iram y c in  and varicom ycin , in  v a r io u s  fo rm u la tio n s .
49
have been  shown to  be e f f e c t iv e  as p la q u e '• c o n tro l l in g  a g e n ts  in  
l a b o ra to r y  an im als^  2,365 367 in  humans, when a p p l ie d  f o r  th e  
tr e a tm e n t o f u lc e r a t i v e  g i n g i v i t i s  and c h ro n ic  p e r io d o n ta l  d is e a s e
368, 369^
However, th e r e  i s  no doubt as  to  th e  p o t e n t i a l  d anger o f
m a in ta in in g  a  co n tin u o u s a n t i b i o t i c  reg im en . A n t ib io t ic
s e n s i t i s a t i o n  o f  a p a te n t  can r e s u l t  and th e  r i s k  o f  p ro d u c in g
r e s i s t a n t  s t r a i n s  o f  b a c t e r i a  would be v e ry  h ig h .
V arious n o n - a n t ib io t ic ,  a n t i b a c t e r i a l  a g e n ts  have been
a s s e s s e d  f o r  th e  u se  in  d e n t i f r i c e s  and mouthwashes w ith  l im i te d
s uc c e s s ^ ^ ^ ’ . But s in c e  th e  n a tu re  o f  th e  e c o lo g ic a l
s h i f t ,  t h a t  a n t im ic ro b ia l  a g e n ts  ( in c lu d in g  a n t i b i o t i c s )  would
n e c e s s a r i ly  produce i s  n o t f u l l y  u n d e rs to o d , i t  i s  u n l ik e ly  t h a t
371such  m a te r ia l  w i l l  be in tro d u c e d  f o r  c l i n i c a l  u se  .
The p o s s i b i l i t y  o f  v a c c in a t in g  c a r ie s  s u s c e p t ib le  in d iv id u a ls  
a g a in s t  _S. m utans, which a re  co n s id e re d  th e  m ajo r b a c t e r i a l  c a r io g e n ic
372—377
a g e n t ,  has r e c e n t ly  re c e iv e d  much i n t e r e s t
Anim als in je c te d  w ith  whole s t r e p to c o c c i  have been  shown to
p roduce a n t id e x tra n s u c ra s e  a n t ib o d ie s  which i n h i b i t  d e x tra n
s y n th e s is ^ ^ ^ * ^ ^ ^ '^ ^ ^ . This p ro ced u re  i s  n o t ,  how ever, a c c e p ta b le
in  human c l i n i c a l  s tu d ie s  because  o f b io ch em ica l s id e  e f f e c t s .  I f
human s u b je c t s  a r e  in je c te d  w ith  p u r i f i e d  S . mutans d e x tra n su c ra s e ,
how ever, th e y  a re  found to  produce a n t id e x tra n s u c ra s e  a n t ib o d ie s
379 -w ith o u t th e  b io ch em ica l co m p lica tio n s  .
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:tB4 The B io ch em istry  o f  th e  D en ta l P laque
D en ta l p laque  i s  w id e ly  co n s id e re d  to  he th e  key  f a c t o r  in  
d e n to g in g iv a l p a th o lo g y . I t  i s  c h a r a c te r i s e d  hy  th e  h ig h  d e n s i ty  
o f  m icro—organism s th a t  i t  c o n ta in s ,  hy  i t s  p o t e n t i a l  f o r  th e  
p ro d u c tio n  o f  o rg a n ic  a c id s  from fe rm e n ta b le  ca rb o h y d ra te  s o u r c e s ^ ^ ’
381 and by  i t s  a b i l i t y  to  s y n th e s is e  la rg e  amounts o f e x t r a c e l l u l a r  
p o ly s a c c h a r id e s .
The p o ly sa c c h a r id e  m a tr ix  ap p ea rs  to  perfo rm  s e v e ra l  f u n c t io n s .
382Van Houte ejfc a l  have d em o n stra ted  t h a t  th e  te n a c io u s  
p o ly sa c c h a r id e  produced by some s t r a i n s  o f  o r a l  m icro -o rg an ism , 
n o ta b ly  S tre p to c o c c u s  mutans and san g u is  en ab le s  them to  c o lo n is e  
th e  to o th  s u r fa c e  soon a f t e r  p ro p h y la x is , and th e s e  w orkers showed 
th a t  th e  a b i l i t y  o f c e r t a in  o r a l  s t r e p to c o c c i  to  c o lo n is e ,  n o t o n ly  
th e  c le a n e d  to o th  s u r fa c e  b u t a ls o  th e  p laq u e  s u r fa c e  and th e  s u r fa c e  
o f  human and anim al e p i t h e r i a l  c e l l s  was r e l a t e d  to  t h e i r  a b i l i t y  to  
p roduce t h i s  a d h es iv e  e x t r a c e l l u l a r  m a te r ia l .
In  e s ta b l i s h e d  p laq u e  th e  in s o lu b le  e x t r a c e l l u l a r  p o ly sa c c h a r id e  
form s a  s t a b l e  m a tr ix  in  which th e  o r a l  m icro -o rgan ism s can e x i s t  
w ith o u t th e  danger o f  b e in g  washed from  th e  to o th  s u r fa c e  by  th e  
s a l i v a  flow  o f th e  h o s t ,  and a ls o  i t  a c t s  as  an  ag en t in  th e
357a g g lu t in â t  io n  o f  s t r e p to c o c c a l  c e l l s  to  form  compact c o lo n ie s
The p laq u e  m a tr ix  f u r th e r  a c t s  as a  s e m i- s e le c t iv e  d i f f u s io n  
b a r r i e r  a l lo w in g  sm all m olecu les to  d i f f u s e  to  th e  to o th  s u r fa c e  b u t 
n o t a l lo w in g  th e  p o ly sa c c h a r id e s  e la b o ra te d  by  th e  p laq u e  m ic ro f lo ra
to  d i f f u s e  o u t .
F in a l ly ,  p a r t  o f  th e  w a te r s o lu b le  f r a c t i o n  o f  th e  p laq u e  
p o ly s a c c h a r id e  i s  a p p a re n tly  a b le  to  a c t  a s  a  re s e rv e  ca rb o h y d ra te
a t  tim e s  o f  food  d ep le tio n ^ ® ^ .
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I n v e s t ig a t io n s  in to  th e  n a tu re  o f  th e  p o ly sa c c h a r id e  m a te r ia l  
th a t  c o n s t i tu te s  ap p ro x im ate ly  10^ o f  th e  d ry  w eight o f  th e  
p laq u e  have been  perform ed by s e v e ra l  groups o f  w o r k e r s I n  
g e n e ra l ,  two methods o f approach have been  ad o p te d . The f i r s t  
in v o lv e s  th e  c o l le c t io n  o f q u a n t i t i e s  o f d e n ta l  p laq u e  from  a  la rg e
number o f  s u b je c t s .  The p laq u e  i s  th e n  poo led  and th e  p o ly sa c c h a r id e  
component i s  e x t r a c te d  and a n a ly se d . The a l t e r n a t i v e  approach  
in v o lv e s  th e  i s o l a t i o n  o f  a  s in g le  s t r a i n  o f  o r a l  m ic ro -o rg an ism .
T his i s  e i t h e r  used  d i r e c t l y  to  e la b o ra te  p o ly sa c c h a r id e  m  v i t r ^ o  
o r  th e  p o ly s a c c h a r id e - s y n th e s is in g  enzymes produced  by  th e  m icro ­
organism  a re  i s o la te d ,  p u r i f i e d ,  and used  to  p roduce p o ly sa c c h a r id e  
in  v i t r ^ o .
S e v e ra l w orkers co n d u c tin g  poo led  p laque  s tu d ie s  have 
d em o n stra ted  t h a t  a  la rg e  p ro p o r t io n  o f th e  p laque  c a rb o h y d ra te  i s
dialysable3G4-386^
Hotz e t  a l^ ^ ^  a n a ly se d  th e  d ia ly s a b le  m a te r ia l  and found i t  to  
com prise  p r in c i p a l l y  hexose and d is a c c h a r id e  a lo n g  w ith  some o l ig o ­
s a c c h a r id e s  and u n id e n t i f i a b le  m a te r ia l  and th e  a u th o rs  su g g es t t h a t  
t h i s  m a te r ia l  a r i s e s  from th e  a c t io n  o f p laq u e  h y d ro la s e s  on 
p la q u e  g lu c a n s .
Wood e t  were a b le  to  e x t r a c t  th e  p o ly sa c c h a r id e
component o f  th e  p laq u e  w ith  w a te r and a l k a l i  and th e  subsequen t a c id  
h y d ro ly s is  o f  th e  e x t ra c te d  p o ly sa c c h a r id e s  showed g lu c o se  to  be th e  
m a jo r, and f r u c to s e  th e  m inor, component o f  th e  w a te r  s o lu b le  
m a te r i a l .  Wood^^^ a ls o  dem onstra ted  th a t  th e  q u a n t i ty  o f  w a te r -  
s o lu b le  m a te r ia l  f e l l  m arkedly  i f  whole p laque  was in c u b a te d  in  th e  
ab sen ce  o f  e x te rn a l  ca rb o h y d ra te  in d ic a t in g  th a t  a t  l e a s t  p a r t  o f
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th e  w a te r  s o lu b le  m a te r ia l  was a b le  to  fu n c t io n  as  a  c a rb o h y d ra te  
r e s e r v e .
387—389Leach ejt ^  a ls o  d em o n stra ted  th e  p re se n c e , in  d e n ta l
p la q u e , o f  b o th  g lu c o se -  and f r u c to s e - c o n ta in in g  polym ers and 
th e  l a b i l i t y  o f th e  l a t t e r .  S ince  th e  f r u c to s e  c o n ta in in g  po lym ers, 
w hich a re  re p o r te d  to  c o n s t i tu te  up to  20^ o f  th e  p o ly s a c c h a r id e  
f r a c t i o n  o f  some p la q u es^ ^ ^ , a re  w a te r s o lu b le ,  even a t  v e ry  h ig h  
m o le c u la r  w e ig h ts , i t  i s  im probable t h a t  th e y  p la y  any  s t r u c t u r a l  
r o le  in  th e  p laque  m a tr ix  b u t r a th e r  f u n c t io n  s o le l y  as  a  r e s e r v e .
Hotz e^  a l^ ^ ^  a n a ly se d  th e  p oo led  p laq u e  o b ta in e d  from  3,500
Z u rich  sch o o l c h i ld r e n  and were a b le  to  d em o n stra te  th e  p re sen ce
o f  no t o n ly  g lu c o se -c o n ta in in g  p laq u e  p o ly s a c c h a r id e s ,  which form ed
th e  m a jo r i ty  o f  th e  p laq u e  p o ly s a c c h a r id e , b u t a l s o  th e  p re se n c e  o f
h e te ro p o ly s a c c h a r id e s  c o n ta in in g  p e n to se s  and o th e r  h e x o se s . A
r e l a t i v e l y  h ig h  p e rc e n ta g e  o f  th e  g lu c a n  (e q u iv a le n t to  1 .35^  o f  th e
t o t a l  p laq u e  d ry  w eight) was shown to  c o n s is t  p red o m in an tly  o f
a - ( l —$>-3) - l i n k e d  D -g lucopyranosy l u n i t s ^ ^ ^ .  T his m a te r ia l  has been
99te rm ed  *mutan* by Guggenheim^ and i t  i s  p roposed  th a t  t h i s  
m a te r ia l  perfo rm s an  e s s e n t i a l l y  s t r u c t u r a l  r o le  in  th e  p la q u e , 
fo rm ing  a  r i g i d  p o ly sa c c h a rid e  m a tr ix .  The i s o l a t i o n  o f  a  p o ly ­
s a c c h a r id e  produced  by s in g le  s t r a i n  o f  s tre p to c o c c u s  was f i r s t  
d e s c r ib e d  by  Oeskov and P au lsen  in  1931. The m icro -o rg an ism , 
i s o l a t e d  from  th e  pharynx was l a t e r  id e n t i f i e d  as  S tre p to c o c c u s  
s a l i v a r i u s  by  H iven e t  ^  ^ and th e  p o ly s a c c h a r id e  e la b o ra te d
by  t h i s  m icro -o rg an ism  was id e n t i f i e d  as  l e van .
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G arszezynsk i and E d w a r d s h a v e  d e s c r ib e d  th e  p ro d u c tio n  and
su b sequen t p a r t i a l  a n a ly s is  o f a b ro th  l e van by  S. s a l i v a r iu s  SS2.
A p o ly s a c c h a r id e - s y n th e s is in g  enzyme d e s c r ib e d  by  th e  a u th o r
as  le v a n su c ra se  [p -2 ,  6 - f ru c ta n :D -g lu c o s e :6 —f r u c to s y l t r a n s f e r a s e
( e .g .  2 . 4 . 1 . 10) ]  has been  i s o la t e d  from  S. mutans JC2 by  C arlsso n ^^^
—  ^
and th e  p ro d u c tio n  o f a  f r u c ta n  >  25 x 10 ) by t h i s  enzyme has 
been  d em o n stra ted .
20 392L a n c e f ie ld  group H S tre p to c o c c i and S tre p to c o c c u s  s . b . e .
b o th  o f  o r a l  o r ig in ,  were shown to  p roduce an  e x t r a c e l l u l a r
p o ly sa c c h a r id e  s im i la r  to  d e x tra n .
Guggenheim e t  a l  p rep a red  s e v e ra l  t r a n s f e r a s e  enzymes from
s t r a i n s  o f  S_i s a n g u i s and m utans^ ^ '^ ^ .  The p o ly sa c c h a r id e s
e la b o ra te d  by th e  t r a n s f e r a s e s  o f  _S. sa n g u is  on in c u b a tio n  w ith
su c ro s e , were shown to  be e s s e n t i a l l y  d e x t r a n - l ik e  in  n a tu re ,
w hereas th e  p o ly sa c c h a r id e  e la b o ra te d  by  one o f th e  t r a n s f e r a s e s
o b ta in e d  from  mutans was shown, by  m é th y la tio n  te c h n iq u e s ,  to
c o n ta in  94^ o f  a - ( l —> 3) - l in k e d  D -g luco p y ran o sy l u n i t s  and hence
89i s  a  *m utan*-type p o ly s a c c h a r id e . .
18Sidebotham  e t  ^  - showed th a t  th e  e x t r a c e l l u l a r  p o ly ­
s a c c h a r id e s  produced  by  whole c e l l  c u l tu r e s  o f mut ans and 
S . sa n g u is  grown in  v it iÇ o  w ere e s s e n t i a l l y  d e x tra n s  c o n ta in in g  up 
to  30^  o f  n o n - a - ( l—^ 6) l in k a g e s .
Edwards ^  ^ 1 9 ,9 1 ,3 9 3  succeeded  in  a n a ly s in g  th e  p o ly ­
s a c c h a r id e s  produced  Jjq v itr^ ,o  by s e v e ra l  s t r a i n s  o f  mut a n s .
The g lu c a n s  p roduced  c o n s is te d  o f up to  30^ o f  a - ( l —^  3 )- l in k e d  
D—g lu c o p y ra n o sy l u n i t s  and up to  80^ o f  a—( l" " ^ 6) —lin k e d  
D -g lu co p y ran o sy l u n i t s .  In  th e  case  o f mut ans E49? th e
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p o ly s a c c h a r id e  was shown to  c o n ta in  13^  o f 4) - l in k e d
D—g lu c o p y ra n o sy l u n i t s  and i t  i s  l i k e l y  t h a t  th e s e  o r ig in a te d  from  
c o n ta m in a tin g  i n t r a c e l l u l a r  m a te r ia l  l i b e r a t e d  in to  th e  c u l tu r e  
medium when b a c t e r i a l  c e l l s  a re  a llo w ed  to  l y s e .
90B a ird  and Ellw ood , i n v e s t ig a t in g  th e  p o ly s a c c h a r id e  
e la b o ra te d  by mutans I n g b r i t t ,  d em o n stra ted  t h a t  th e  g lu can
c o n ta in e d  51^ o f  a - (  1— 3) - l in k e d  D -g lu co p y ran o sy l u n i t s  and 27% 
o f  a - ( l —»  6) - l in k e d  D -g lucopy ranosy l u n i t s . Two d i-O -m eth y l-D - 
g l u c i t o l  d e r iv a t iv e s  were d e te c te d  in  th e  a c e ty la te d ,  red u ced , 
h y d ro ly se d , m é th y la tio n  m ix tu re  (m olar p e rc e n ta g e  12^ ,  b u t 
n e i th e r  were c h a r a c te r i s e d .
E vidence has a l re a d y  been  p re s e n te d  f o r  th e  breakdown o f 
s o lu b le  d e x tra n  by  th e  p laq u e  m i c r o - f l o r a ^ ^ ^ ^ 386  ^ Wood^^^ 
showed th a t  under c o n d itio n s  o f  reduced  ca rb o h y d ra te  in ta k e  th e  
amount o f  s o lu b le  p laq u e  p o ly sa c c h a r id e  f a l l s  by  up to  50% and 
s in c e  th e  a u th o r  had a l re a d y  d em o n stra ted  t h a t  th e  m a jo r i ty  o f  t h i s  
m a te r ia l  i s  s o lu b le  d e x tra n  i t  fo llo w s  th a t  i t  form s p a r t  o f  th e  
p o ly s a c c h a r id e  r e s e rv e  a lo n g  w ith  th e  i n t r a c e l l u l a r  g ly c o g en -ty p e  
p o ly s a c c h a r id e  and th e  e x t r a c e l l u l a r  f r u c ta n .
T h is  i s  f u r th e r  su p p o rted  by  th e  p re sen ce  in  poo led  human 
p la q u e  o f  la rg e  q u a n t i t i e s  o f low m o lecu la r w eigh t c a rb o h y d ra te s , 
th e  p o s s ib le  en zyn ic  breakdown p ro d u c ts  o f  p laq u e  g lu c a n h y d ro la se s  
384, 385 ,388  a c t in g  on th e  p laq u e  d e x tra n s .  However, i t  sh o u ld  be 
n o te d  t h a t  th e  mixed p laq u e  m ic ro f lo ra  and s in g le  s t r a i n  
S tr e p to c o c c i  a re  re p o r te d  to  be unab le  to  m e ta b o lise  h ig h  m o le c u la r  
dextrans4-394,395.
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The d e n ta l  p laque i s  a m ic ro sco p ic  ecosystem  in v o lv in g  many
complex enzyme—induced in te r a c t io n s ^ ^ ^ .  The a b i l i t y  o f th e  p laq u e
to  s y n th e s is e  la rg e  q u a n t i t i e s  o f  e x t r a c e l l u l a r  f r u c ta n  and g lu c an
has a l re a d y  been  d is c u s s e d . The c a r ie s  p ro c e ss  i s ,  how ever,
b a s i c a l l y  dependent upon th e  a b i l i t y  o f  th e  p laq u e  m icro—f l o r a  to
produce o rg an ic  a c i d s , p r in c i p a l l y  l a c t i c  a c id ,  w hich a t ta c k s  th e
enamel s u r fa c e ,  p ro d u c in g  c a r io u s  le s io n s  and e v e n tu a l ly
d e m in e ra l is in g  th e  to o th  s u r f a c e .  The m ajor a c id ic  m e ta b o lic
301p ro d u c t o f  th e  d e n ta l  p laq u e  has been  shown to  be l a c t i c  a c id  * 
302,397 402 th e  p ro d u c tio n  o f fo rm ic  a c e t i c  and b u ty r i c  a c id s
91 40 2 40 3h as a l s o  been  d em onstra ted  * ’ • A cid p ro d u c tio n  can occur
th ro u g h  s e v e ra l  r o u te s .  Wood^^^ has d em o n stra ted  th e  m etabo lism  
o f  s o lu b le  p laq u e  g lu can s  to  y ie ld  a c id  m e ta b o l i te s .  P o s s ib ly  
more s ig n i f i c a n t  i s  th e  breakdown o f h ig h  m o le c u la r  w eigh t p laq u e  
f r u c ta n s  by  th e  p laq u e  m ic r o - f lo r a .
F ru c ta n  h y d ro ly s is  by p laq u e  m icro -o rgan ism s has  been  i n v e s t i ­
g a te d  by  s e v e ra l  w o rk e rs^ '3 9 ,97 ,203 ,334 ,404-406^  and M anly ^
have n o te d  t h a t  sam ples o f  f a s t i n g  p laq u e  c o n ta in e d  l i t t l e  o r  no 
f r u c ta n  as  a  consequence o f  t h i s  c a ta b o lism .
The 1evanhydr0la s e  o f an  o r a l  s tre p to c o c c u s  has been  s tu d ie d  
in  g r e a t e r  d e t a i l  by Da C osta and G i b b o n s a n d  was shown to  be an 
in d u c ib le  enzyme t h a t  was p re s e n t  in  th e  c u l tu r e  s u p e rn a ta n t and 
in  washed c e l l  su sp e n s io n s . I t  was shown to  h y d ro ly se  b o th  le v a n  
and in u l in  and had a  maximal a c t i v i t y  a t  pH 6 .0 .
There i s ,  how ever, a  t h i r d  b io ch em ica l ro u te  f o r  a c id  
p ro d u c tio n  in  d e n ta l  p la q u e . R obrish  and K richevsky  
d em o n stra ted  t h a t  th e  y ie ld  o f  a c id  p e r  m olecule o f  su c ro se  was th e
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same a s  m ight he expec ted  from two hexose u n i t s .  This su g g e s ts  
t h a t  l i t t l e  o f th e  a v a i la b le  su c ro se  i s  d iv e r te d  to  th e  p ro d u c tio n  
o f  e x t r a c e l l u l a r  p o ly sa c c h a rid e  and th e  m a jo r i ty  is  acco u n ted  f o r  
as a c id ic  fe rm e n ta tio n  p ro d u c ts^ ^ ^ . Tanzer _et a l^ ^ ^ ,  u s in g  
r a d io a c t iv e  l a b e l l i n g  te c h n iq u e s , were a b le  to  d em o n stra te  th e  
p re se n c e  o f th r e e  d i s t i n c t  enzyme system s in  d e n ta l  p la q u e .
( i )  An a -1 ,6  g lu can  : D -fru c to se  2 - g lu c o s y l t r a n s f e r a s e
(e^-C. 2 . 4 . 1 . 3) (d e x tra n su c ra se )
( i i )  A 3 - 2 ,6 - f r u c ta n :  D ^glucose 6 - f r u c to s y l t r a n s f e r a s e
(E .C . 2 . 4 . 1 . 10) ( le v a n su c ra se )
( i i i )  A t h i r d  enzyme system  which i s  a b le  to  s p l i t  su c ro se  
independen t o f  th e  t r a n s f e r a s e s  and a llo w s th e  fe rm e n ta t io n  
o f  th e  g lu c o sy l and f r u c to s y l  m o ie tie s  (an  in v e r ta s e - ty p e  enzyme) 
and such  an  enzyme has been  i s o la te d  from  d e n ta l  p la q u e  and 
c h r a c te r is e d ^ ^ ^ .
I t  i s  perhaps s u r p r is in g ,  in  view o f  th e  im portance o f p laq u e  
g lu c a n  in  th e  a e t io lo g y  o f d e n ta l  c a r i e s ,  t h a t ,  to  d a te ,  no 
d e t a i l e d  in v e s t ig a t io n  has been  conducted  in to  th e  s t r u c t u r e  o f  th e  
g lu c o se  c o n ta in in g  polym ers e la b o ra te d  by o r a l  s t r e p to c o c c i .  The 
aim o f  th e  p re s e n t  work i s  to  in v e s t ig a te  in  d e t a i l  th e  s t r u c t u r e  
o f  p o ly s a c c h a r id e s  produced  û i v i t r  0 by  two s t r a i n s  o f 
S tre p to c o c c u s  m utans.
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C hap ter I I  THE POLYSACCHARIDE ELABORATED BY STREPTOCOCCUS 
MUTAHS GS-5
IIA P re p a ra t io n  and E x tra c t io n
The organism  S trep to co ccu s  mutans GS-5 was k in d ly  d o n a ted  hy 
D r. W.H. Bowen o f th e  Royal C o llege  o f Surgeons o f  Engla,nd.
I t  was reco v e re d  from th e  ly o p h i l i s e d  s t a t e ,  m a in ta in e d , and 
th e  p o ly sa c c h a r id e  was produced as  d e s c r ib e d  (VI A 1 ) . The 
r e s u l t i n g  p o ly sa c c h a r id e  was f r a c t io n a t e d  by  e th a n o l ic  
p r e c i p i t a t i o n .  One p o ly sa c c h a r id e  f r a c t i o n  (GS-5 A p o ly sa c c h a r id e )
was p r e c i p i t a t e d  w ith  40^  e th a n o l (v :v ) and th e  o th e r  p o ly sa c c h a r id e  
f r a c t i o n  (GS-5 B p o ly sa c c h a rid e )  was p r e c i p i t a t e d  w ith  70^ e th a n o l 
( v : v ) . The crude p o ly s a c c h a r id e  f r a c t io n s  were p u r i f i e d  by  
d e p ro te in a t io n ^ ^ ^  and re p e a te d  e th a n o l p r e c i p i t a t i o n  (VI A l)  and 
th e  y ie ld s  o f  th e  f r e e z e - d r ie d  f r a c t io n s  f o r  two s e p a ra te  p r e p a ra t io n s  
a r e  shown in  t a b le  I I  1.
T ab le I I  1 The y ie ld s  o f GS-5A and G8-5B p o ly s a c c h a r id e s
B atch  Y ie ld  in  g o f  f r a c t io n  Y ie ld  in  g o f  f r a c t i o n
A from  100 g o f  su c ro se  B from  100 g o f  su c ro se
1 0 .0 6  0 .81
2 0 .5 0  0 .7 3
These y ie ld s  a re  o f  th e  same o rd e r  o f  m agnitude as  th o s e  o b ta in e d
18from  v a r io u s  s t r a i n s  o f  S . mutans grown under s im i la r  c o n d itio n s  .
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IIB  The GS-5 B p o ly sa c c h a rid e
TIB 1 D e te rm in a tio n  o f th e  m onosaccharide components hy  a c id  
h y d ro ly s is
I t  has been  w id e ly  r e p o r te d  t h a t  c e r t a i n  s t r a i n s  o f
_S. mutans produce po lym eric  s p e c ie s  c o n ta in in g  f r u c to s e  in  a d d i t io n
4 17 18to  g lu c o s e -c o n ta in in g  po lym ers, when grown on a  su c ro se  medium ’ ’ '
33,35,3(^192,193,260,386^
I n v e s t ig a t io n  o f th e  m onosaccharide component o f  th e  GS-5 B
p o ly sa c c h a r id e  was th u s  n e c e s s i t a t e d .  Two h y d ro ly s is  experim en ts
were p erfo rm ed . One a t  th e  optimum c o n d itio n s  f o r  th e  p ro d u c tio n
411o f  g lu c o se  from  a  g lu co se -co n ta in in g  p o ly s a c c h a r id e  , and one a t
th e  optimum c o n d itio n s  f o r  th e  p ro d u c tio n  o f  f r u c to s e  from  a  
412p o ly f ru c ta n
(a) H y d ro ly s is  a t  th e  optimum c o n d itio n s  f o r  th e  p ro d u c tio n  o f
411g lu c o se ^
A sm a ll q u a n t i ty  o f th e  p o ly sa c c h a r id e  was h y d ro ly se d  under 
c o n d it io n s  ( l.O  M s u lp h u r ic  a c id ,  100°C, 8 h) d e s ig n ed  to  
co m p le te ly  c le a v e  g lu c o s id ic  l in k a g e s  in  th e  p o ly s a c c h a r id e  w ith  
th e  minimum d e g ra d a tio n  o f  th e  g lu co se  r e le a s e d  (VIA 2 ) .  The 
ch ro m ato g rap h ic  p r o p e r t i e s  o f  th e  h y d ro ly s a te  and th e  reduced  
hydro  ly s a t e  a re  shown in  t a b le  VI 1 . The h y d ro ly s a te ,  when 
s u b je c te d  to  chrom atography in  so lv e n t (d) and e le c t r o p h o r e s is  in  
b u f f e r  ( a ) ,  gave a  s in g le  sp o t m ig ra tin g  as  g lu c o se , and th e  reduced  
h y d ro ly s a te ,  when s u b je c te d  to  e le c t ro p h o re s is  in  b u f f e r  (b) gave a  
s in g le  sp o t m ig ra tin g  as  g l u c i t o l .
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JJy^^Qly s is  a t  optimum c o n d itio n s  f o r  th e  p roduct i o n  o f  f ru c to s e ^ ^ ^  
A sm all q u a n t i ty  o f th e  p o ly s a c c h a r id e  was h y d ro ly se d  u n d er m ild  
c o n d it io n s  (0 ,1  M s u lp h u r ic  a c id ,  70 C, 1 h ) d e s ig n ed  to  co m p le te ly  
c le a v e  f r u c to s id i c  l in k a g e s  w ith  th e  minimum d e g ra d a tio n  o f  th e  
f r u c to s e  r e le a s e d  (VIA 3 )•  The ch rom atog raph ic  p r o p e r t i e s  o f  th e  
h y d ro ly s a te  and th e  reduced  h y d ro ly s a te  a re  t a b u la te d  in  t a b l e  VI 2 .
The h y d ro ly s a te  when s u b je c te d  to  chrom atography in  so lv e n t (d) and 
e le c t r o p h o r e s is  in  b u f f e r  (a) gave a  m ajor sp o t m ig ra tin g  as  f r u c to s e  
and a  m inor sp o t m ig ra tin g  as g lu c o se . The m ajor sp o t s ta in e d  w ith  
s t a i n in g  re a g e n t (e) , which i s  s p e c i f i c  f o r  k e to h e x o se s . The 
red u ced  h y d ro ly s a te  when s u b je c te d  to  e le c t r o p h o r e s is  in  b u f f e r  (a) 
gave two sp o ts  m ig ra tin g  as g lu c i to l  and m an n ito l ( th e  re d u c t io n  
p ro d u c ts  o f  f ru c to s e )  •
IIB  2 C om position
I t  has been  dem o n stra ted  ( lIB  l)  t h a t  g lu c o se  and f r u c to s e  
w ere th e  o n ly  m onosaccharide components to  be d e te c te d  in  th e  
h y d ro ly s a te s  o f  GS-5 B p o ly s a c c h a r id e .
Q u a n ti ta t iv e  e s t im a tio n  o f  these and o th e r ,  n o n -c a rb o h y d ra te , 
com ponents was c a r r i e d  ou t as d e s c r ib e d  (VIA 4 )•
The r e s u l t s  a re  ta b u la te d  in  t a b le  I I  2 .
T ab le  I I  2 C om position o f  GS-5 B p o ly sa c c h a r id e
C arbohydra te  G lucose F ru c to se  
c o n te n t c o n te n t co n ten t 
io i  i .
P ro te in  
cont en t
Ash
co n ten t
S p e c if ic  
R o ta tio n  
[ a ] ^ ( c  0 .9 9 5 , M HaOH)
97 93.4 2 .5 1.5 0 .8 5 +169°
From th e s e  r e s u l t s ,  i t  can be seen  th a t  GS-5 B p o ly s a c c h a r id e  i s  
p r i n c i p a l l y  a  g lu c o s e -c o n ta in in g  p o ly s a c c h a r id e .
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IIB  3 B e te rm in a tio n  o f  th e  r a t i o  o f  p rim ary  and seco n d ary  l in k a g e s  by 
n u c le a r  m agnetic reso n an ce  sp e c tro sc o p y  (n .m .r .)
73P a s i ka and Gragg examined th e  s p e c t r a  o f  th e  d e x tra n s
produced  by Leuconostoc m esen te ro id es  BRRL B-512 and L . m e sen te ro id e s
KRRL B-742 a f t e r  d e u te r a t io n ,  and t h e i r  work su g g e s te d  th a t  n .m .r .
sp e c tro sc o p y  cou ld  p ro v id e  a  r a p id  method f o r  d e te rm in a tio n  o f  th e
r a t i o  o f  g lu co se  u n i t s  lin k e d  a - ( l —+ 6) to  th o s e  l in k e d  n o n - a - ( l—> 6) .
The main d i f f i c u l t y  en co u n te red  in  such s tu d ie s  i s ,  how ever, th e
18 78r e l a t i v e  i n s o l u b i l i t y  o f  some d e x tra n s  in  d eu te riu m  ox ide  ’ .
U sing d e u te ra te d  is o m a l to t r io s e  a s  a  model compound, P a s ik a  and 
73Gragg were a b le  to  a s s ig n  peaks a t  = 6 .30  p .p .m . to  p ro to n s  on 
carbons G-5 and G-6, th o se  a t  '^  = 6 .10 p .p .m . to  p ro to n s  on carbons 
G-2, G-3 and G-4, and th o se  a t  = 4 «95 p -p .m . to  p ro to n s  a t  G-1 
in v o lv ed  in  a - ( l —^ 6) l in k a g e s .  In  a d d i t io n  peaks a t  "ZT = 5 .33  p .p .m . 
and 4 .71 p .p .m . were a s s ig n e d  to  p ro to n s  a t ta c h e d  to  anom eric carbon 
atom s n o t l in k e d  to  o th e r  g lu co p y ran o sy l u n i t s .
The p ro to n  n .m .r .  spectrum  o f d e u te ra te d  L . m e sen te ro id e s  
MRL B-512 d e x tra n  c o n ta in e d  o n ly  peaks a t  'X  = 6 . 3 0 ,  6 .10 and 
4*95 p .p .m . The peaks due to  p ro to n s  a t ta c h e d  to  anom eric carbon
atom s n o t l in k e d  to  o th e r  g lu co p y ran o sy l u n i t s  were a b se n t ( th e s e  
becom ing s t a t i s t i c a l l y  i n s ig n i f i c a n t  as  th e  m o lecu la r w eight becomes 
l a r g e ) .
I n v e s t ig a t io n  o f  th e  d e x tra n  e la b o ra te d  by L. m esen te ro id es  
RRRL B-742 , w hich c o n ta in s  28^ o f a - ( l —►l) l i n k a g e s ^ i n d i c a t e d  th e  
p re se n c e  o f  th r e e  peaks s im i la r  to  th o se  o f th e  B—512 d e x tra n , b u t in  
a d d i t io n  a  peak  a t  ^ = 4 . 6 0  p .p .m . was p r e s e n t .  This was a s s ig n e d  to
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p ro to n s  a t ta c h e d  to  carbons a s s o c ia te d  w ith  th e  non—a—( 1—^ 6) 
l in k a g e s  ( in  t h i s  case  (%—( 1— 3) lin k a g e s )  and a r i s e s  from th e  
p ro to n s  a t ta c h e d  to  e i th e r  C-3 o r  C -1.
S ince  i t  was d em onstra ted  t h a t  t h i s  peak a r i s e s  a t  th e  expense 
o f  t h a t  a t  ZT= 4*95 p .p .m .,  i t  must be due to  th e  p ro to n s  a t ta c h e d  to  
C—1 in v o lv ed  in  th e  non—a—( 1—^ 6) l in k a g e s .
Thus, in t e g r a t io n  o f  th e  a re a s  under th e  peaks a t  ZJ = 4 .9 5  p .p .  
and 4 .60  p .p .m . w i l l  g iv e  th e  r a t i o  o f g lu c o se  u n i t s  l in k e d  
a - ( l —+ 6) (p rim ary  lin k e d  u n i t s )  to  th o se  l in k e d  n o n - a - ( l—» 6) 
(seco n d a ry  l in k e d  u n i t s ) .
The peak ass ignm en ts o f th e  L .m e sen te ro id e s  MRL B-742 d e x tra n  
a re  shown in  t a b le  I I  3) .
T ab le I I  3 Peak assignm ent o f  th e  n .m .r .  spectrum  o f d e u te ra te d  
L. m esen te ro id es  MRL B-742 d e x tra n
Peak sp .p .m . rp .p .m . Peak assignm en t
1 -3.70 6.30 C-5 and C-6 p ro to n s
2 -3.90 6.10 C-2, C-3 and C-4 p ro to n s
3 - 4 .80 5.20 BHO
4 - 5 .05 4.95 C-1 p ro to n s  a s s o c ia te d  w ith a - ( l —>6)
l i n k .
5 -5.40 4.60 C-1 p ro to n s  a s s o c ia te d  w ith  
n o n - a - ( l—> 6) l i n k .
R e fe re n ce  compound te t r a m e th y ls i la n e  
S idebotham  ^  a l  have used  t h i s  te ch n iq u e  to  in v e s t ig a te  th e
78p o ly sa c c h a r id e s  e la b o ra te d  by L. m esen te ro id es  MRL B-1299 9,nd
^  18s e v e r a l  s t r a i n s  o f  S trep to co ccu s  mutans .
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GS—5 B p o ly sa c c h a r id e  was d e u te ra te d  and th e  n .m .r .  spectrum  
o b ta in e d  (VIA 5) • The spectrum  i s  shown in  f ig u r e  VI 3 and th e  
peak ass ig n m en ts  in  t a b le  I I  4 .
T ab le  I I  4 Peak assignm ent o f th e  n .m .r .  spectrum  o f  d e u te r a te d  
GS-5 B p o ly sa c c h a r id e
Peak sp .p .m .
r
p .p .m . c o r re c te d  to  t . m . s . A ssignm ent o f  peaks I n te g r a t io n
1 —3 • 87 6 .13 6 .29 C-5 and C-6 p ro to n s
2 —4 .06 5 .9 4 6 .10 C—2, C-3 and C—4 
p ro to n s
3 - 5 .0 3 4 .97 5 .1 3 EDO
4 - 5 .22 4 .7 8 4 .9 4 C-1 p ro to n s  a s s o c ia te d  
w ith  a-(l—5>6) l in k a g e
7 .85
5 - 5 .56 4 .4 4 4 .60 C-1 p ro to n s  a s s o c ia te d  
w ith  non a-(l—» 6 )
1inkage
1.55
The s ta n d a rd  used  was an  e x te rn a l  s ta n d a rd  o f  h e x a m e th y ld is ila n e  
( h .m .d . s . ) ,  and as t h i s  has a  reso n an ce  s l i g h t l y  s h i f t e d  from  t h a t  o f 
t e t r a m e th y ls i l a n e  ( t .m .s . )  (0 . I 6 p .p .m .)  a  c o r r e c t io n  had to  be 
a p p l ie d .
The in t e g r a t i o n  o f  th e  a re a  under th e  peaks ZT = 4 .9 4  and 
T =  4 .6 0  g iv e s  a  r a t i o  o f  p rim ary  to  seco n d ary  l in k a g e s  o f  c .  5 :1 .
IIB  4 The in f r a r e d  spectrum  o f GS-5 B p o ly s a c c h a r id e
B urket e t  a l^ ^ ^  observed  th a t  v a r io u s  d e x tra n s ,  in  t h e i r
“ 1
in f r a r e d  s p e c t r a ,  showed d i f f e r i n g  amounts o f  a b s o rp tio n  a t  794 cm • 
T h is  was l a t e r  a t t r i b u t e d ,  by c o r r e l a t i o n  w ith  th e  r e s u l t s  o f 
p e r io d a te  o x id a t io n  s tu d ie s ,  to  th e  v a ry in g  p ro p o r tio n s  o f  seco n d ary  
l in k a g e s  in  th e  d e x tra n  m o lecu le s .
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B ark er ejb 3^  ^^ by in v e s t ig a t io n  o f a  s e r i e s  o f  p o ly s a c c h a r id e s  
and o l ig o s a c c h a r id e s ,  were a b le  to  show th a t  v a lu a b le  in fo rm a tio n  
co u ld  be g a in ed  about g lu can  s t r u c tu r e s  by  s tu d y in g  th e  in f r a r e d  
s p e c tr a  o f th e  g lucans in  th e  re g io n  1000 cm  ^ — 6OO cm"'*.
The in f r a r e d  spectrum  o f GS-5 B p o ly sa c c h a r id e  ( f ig u r e  VI 4)
Was o b ta in e d  as  d e s c r ib e d  (VIA 6) . The assignm ent o f  th e  peaks is  
shown in  t a b le  I I  5 .
T ab le I I  5 Peak assignm ent o f th e  i . r .  spectrum  o f GS-5 B 
p o ly sa c c h a rid e
Peak
Wave Wo. 
-1cm A ssignm ent
L i t e r a tu r e  
v a lu e  cm” '*
1 909 a - ( l —> 6 )  l in k e d  g lu c o se  u n i t s 916
2 838 a-D -g lucopyranos e 838
3 780 a - ( l —> 3) l in k e d  g lu c o se  u n i t s 788
4 756 a - ( l —> 6) l in k e d  g lu c o se  u n i t s 768
5 711 n u jo l
T his ev idence  su g g e s ts  th a t  GS-5 B p o ly s a c c h a r id e  c o n ta in s  
•D -glucopyranose u n i t s  lin k e d  a - ( l ~ ^ 6 )  and a - ( l —^  3) »
IIB  5 Types and p e rc e n ta g e s  o f  th e  v a r io u s ly  l in k e d  g -g lu c o se
re s id u e s  in  GS-5 B p o ly sa c c h a rid e  as de te rm in ed  by  m é th y la tio n  
a n a ly s i s
The m é th y la tio n  a n a ly s is  o f a  p o ly sa c c h a r id e  can be c o n s id e re d  
as  a  th r e e  s te p  o p e ra t io n .  The f i r s t  s te p  c o n s is ts  o f th e  com plete 
m é th y la t io n  o f  th e  p o ly s a c c h a r id e , c o n v e rtin g  a l l  th e  hyd roxy l groups 
to  m ethoxyl g ro u p s , th e  second s te p  i s  th e  h y d ro ly s is  o f  a l l  th e
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g ly c o s id ic  l in k a g e s  in  th e  m e th y la ted  p o ly s a c c h a r id e  to  y ie ld  th e  
p a r t i a l l y —m eth y la ted  m onosaccharides and th e  subsequen t m o d if ic a t io n  
o f  th e  p a r t i a l l y —m ethy la ted  m onosaccharides. The t h i r d  s te p  i s  th e  
s e p a r a t io n  and c h a r a c te r i s a t io n  o f th e  m o d ified  p a r t i a l l y —m e th y la te d  
m o n o sacch arid es .
By t h i s  te ch n iq u e  i t  i s  p o s s ib le  to  d e te rm in e  b o th  th e  ty p e s ,  
and th e  p e rc e n ta g e s  o f  th e  v a r io u s  ty p e s  o f  l in k a g e  in  a  p o ly ­
s a c c h a r id e .
S ev e ra l methods a re  a v a i la b le  f o r  th e  m é th y la t io n  o f  a  
p o ly s a c c h a r id e ^ ^ ’ 88 ,92 ,415  419 p ro b a b ly  th e  most e f f i c i e n t  and 
f a c i l e  i s  th a t  in v o lv in g  d im e th y lsu lp h in y l ca rb a n io n  ( f ig u r e  I I  l) 
in  d im e th y lsu lp h o x id e^ ^ .
F ig u re  I I  1 F u n c tio n  o f  d im ethy l su lp h in y l ca rb a n io n  in  th e  Hakomori
m é th y la tio n  p rocedu re
0 0
p ^ ? ^ a o o h a r id e  H3C-S-CH2-  « - 0 '^ +  + H3C-S-CH3
Sodium d im e th y l-  p o ly s a c c -  d im e th y lsu lp h o x id e
s u lp h in y l ca rb an io n  h a r id e
a lk o x id e
R—0 Wa"^  + Mel R—OMe + Wal
iodom ethane m e th y la ted
p o ly sa c c h a rid e
The c a rb a n io n  i s  produced e i th e r  s i t u  in  th e  r e a c t io n  v e s s e l  o r
s e p a r a t e ly  and added to  th e  r e a c t io n  v e s s e l ,  by  r e a c t in g  d ry  sodium
h y d rid e  and d im e th y lsu lp h o x id e , w ith  h e a t in g  (50°C ). This
m é th y la t io n  r e a c t io n  can be perform ed on a  r e l a t i v e l y  la rg e  s c a le
8819,92 can be employed in  a m od ified  form f o r  th e  m é th y la t io n
o f  q u a n t i t i e s  from  1 to  20 mg.
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I f  we c o n s id e r  a p o ly sa c c h a rid e  c o n s is t in g  o n ly  o f hexose 
u n i t s ,  th e n , w ith  an in c re a s in g  d eg ree  o f m é th y la tio n , th e  
a b s o rp t io n  a t  3600 cm in  th e  in f r a r e d  spectrum  o f  th e  m e th y la ted  
p ro d u c t, due to  th e  p resen ce  o f  hydroxy l g ro u p s , w i l l  d e c re a se  
u n t i l ,  in  th e  in f r a r e d  spectrum  o f th e  fu l ly -m e th y la te d  p o ly sa c c h a r id e  
( t h e o r e t i c a l  m ethoxyl co n ten t = 4 5 *6^ ) ,  th e r e  w i l l  be no a b s o rp tio n  
band a t  3600 cm , p ro v id in g  th a t  a l l  w a te r  and w a te r vapour a re  
excluded  from  th e  system .
—  1Thus, th e  absence o f an  a b s o rp tio n  band a t  3600 cm in  th e  
in f r a r e d  spectrum  o f a  m e th y la ted  p o ly s a c c h a r id e , c o n s is t in g  o n ly  o f 
hexose u n i t s ,  and a  m ethoxyl co n ten t o f  4 5 -6^  would in d ie  a te  
com plete  m é th y la tio n  o f  th e  p o ly s a o c h a r id e .
I f  th e  g lu c o s id ic  lin k a g e s  o f  th e  f u l l y  m e th y la te d  p o ly s a c c h a r id e  
a r e  h y d ro ly se d , th e  r e s u l t i n g  p a r t ia l ly - m e th y la te d  m onosaccharides 
a re  red u ce d ,an d  th e  r e s u l t i n g  0_ -m eth y l-h ex ito ls  a r e  a c e ty la te d ,  th e  
p ro d u c ts ,  d is s o lv e d  in  a sm all q u a n t i ty  o f  a  s u i t a b le  s o lv e n t ,  can be 
in tro d u c e d  d i r e c t l y  in to  a  g . l . c .  system  where i t  can be s e p a ra te d  
in to  i t s  com ponents, i d e n t i f i e d ,  and p assed  d i r e c t l y  in to  a  mass 
s p e c tro m e te r ,  where each component can be c h a r a c te r i s e d .
Thus, a  hexose u n i t  in  th e  o r ig in a l  p o ly s a c c h a r id e , w i l l ,  by  th e  
above s e r i e s  o f  chem ical r e a c t io n s ,  produce a  compound c h a r a c t e r i s t i c  
o f  th e  o r ig i n a l  hexose u n i t  and th e  p o s i t io n s  a t  w hich o th e r  hexose
u n i t s  were a t ta c h e d  to  i t .
T h is i s  i l l u s t r a t e d  in  f ig u re  I I  2, u s in g  th e  example o f  a  g lu c o se  
u n i t  in  a  p o ly s a c c h a r id e  ch a in , where th e  ch a in  i s  c o n tin u ed  th ro u g h  
p o s i t i o n s  1 and 6 .
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Fig. 11 2 The méthylation analysis of a D-glucose unit in the polysaccharide
chain
RO-CH RO-CH
méthylation
R -  ' OMe
OH
g-glucose unit linked through 
positions 1 and 6
ChLOH
Y
OMe
hydrolysis
reduction
-ONfe
OMe 
hOi
CKjDH
SjH.OH
OMe
acétylation
V
CHjQAc
■OMe
MfeO g l c r m s
-OMe
■OAc
1,5,6-tri-O-acety1-2,3,4-tri-Q-
me thy 1-D-g luci to 1
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There a re  two p r in c ip a l  d i f f i c u l t i e s  en co u n te red  when u s in g  
g . l . c *  a s  a s e p a ra t io n  te c h n iq u e  f o r  p a r t i a l l y  a c e ty la te d  m ethy l— 
a l d i t o l s .  F i r s t l y ,  d i f f i c u l t i e s  a re  en co u n te red  in  th e  s e p a r a t io n  
o f  c e r t a i n  o f  th e  d e r iv a t iv e s  ( 1 ,2 ,5 - t r i - O - a c e ty l - 3 , 4 , 6 - t r i -O -m e th y l-  
P g l u c i t o l ,  ,T,pj^ g = 1*83 und 1 ,3 ,^—t r i —^ —a c e ty l—2 , 6 —t r i - ^ —m ethy l—D— 
g l u c i t o l ,  T ^ g  = 1.82 [ s t a t i o n a r y  phase %  OV 2 2 5 ] ) .  Improved 
s e p a r a t io n  o f  th e s e  two compounds can , how ever, be a c h ie v e d  by 
d e c re a s in g  th e  te m p e ra tu re  o f th e  g . l . c .  oven (F ig u re  V II 1 (5) .
At th e  red u ced  te m p e ra tu re , th e  compounds a re  r e ta in e d  lo n g e r  on th e  
g . l . c .  column and th e  o v e rla p  o f  peaks i s  p a r t i a l l y  re s o lv e d .
S econd ly , th e  s e r i e s  o f  chem ical r e a c t io n s  d e s c r ib e d  above 
p ro d u ces  p ro d u c ts  o th e r  th a n  th e  a l d i t o l  d e r iv a t iv e s .  These 
p ro d u c ts  a r i s e  p r in c i p a l l y  from  con tam inan ts  in  th e  s o lv e n ts ,  th e  
r e a c ta n t s ,  and th e  atm osphere and th e y  te n d  to  g iv e  r i s e  to  la rg e  
peaks on th e  g . l . c .  t r a c e s .  These p ro d u c ts  a re  c h a r a c te r i s e d  by  
te m p e ra tu re  re sp o n ses  d i f f e r e n t  from th o s e  o f th e  a l d i t o l  d e r iv a t iv e s  
when s u b je c te d  to  g . l . c .  and low i o n i s a b i l i t y  u n d er e l e c t r o n  im p ac t. 
S im i la r  d i f f i c u l t i e s  w ith  s o - c a l le d  sp u rio u s  peaks have been
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e n c o u n te re d  by  o th e r  w orkers in  th e  f i e l d
The r e l a t i v e  a re a s  under th e  peaks on th e  g . l . c .  t r a c e s  a re  
p r o p o r t io n a l  to  th e  r e l a t i v e  w eigh ts  o f th e  p a r t i c u l a r  com ponents, 
p ro v id in g  t h a t  a l l  th e  compounds s tu d ie d  a re  c h e m ic a lly  c lo s e ly -  
r e l a t e d .  Thus, a  comparisen o f  peak a r e a s ,  a f t e r  c o r r e c t in g  fo r  
m o le c u la r  w e ig h t, w i l l  y ie ld  th e  m olar p ro p o r tio n s  o f  th e  v a r io u s
a l d i t o l  d e r iv a t iv e s .
A b ran ch e d  p o ly g lu can  w i l l  y ie ld ,  on m é th y la tio n  a n a ly s i s ,  
a ssum ing  com plete  m é th y la tio n , and t o t a l  h y d ro ly s is  o f a l l  th e  
g ly o o s id io  l in k a g e s ,  di-O-methyl^iaitol a o e ta te ( s )  and te tra -O -m e th y l-
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a l d i t o l  a c e ta t e ( s )  in  th e  r a t i o  1 :1 . L indherg  e t a l^ ^ ,  fo llo w in g  
e a r l i e r  work by Chizhov e t al^^^,w ho f i r s t  in t e r p r e te d  th e  b e h a v io u r 
o f  D—g lu c i to l  h e x a -a c e ta te  under e le c t r o n  im pact, s tu d ie d  a  v a r i e ty  
o f  a c e ty la te d  p a r t i a l l y  m e th y la ted  a l d i t o l s  and concluded :
1. P rim ary  fragm en ts a re  formed by f i s s i o n  betw een a d ja c e n t 
carbon  atoms in  th e  ch a in , th e  most p r e f e r r e d  f i s s i o n  b e in g  betw een 
a d ja c e n t  m ethoxy la ted  carbon atoms ( f ig u r e  I I  3 ) .
F ig u re  I I  3 The p rim ary  p r e f e r r e d  fragm en ts form ed on e le c t r o n  
im pact o f  TMG
C H 2 O A C
H C - O M e  
- j - ------------------------117
M e O - C  H 205
_ j---------------- IbJ
H C - O M e  
H C"OAc  
C H 2  0 M e
2 . The n ex t fav o u red  f i s s i o n  i s  betw een a d ja c e n t m e th o x y la ted  
and  a c e to x y la te d  carbon  atoms and th e  p o s i t iv e  charge  r e s id e s  on th e  
m e th o x y la ted  carbon  atom ( f ig u re  I I  4) •
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F 1 gure I I  4 The p rim ary  non—p re fe r r e d  fragm e n ts  form ed on e le c t r o n
im pact o f TMG
CH^OAc
H C-OMe1
MeO-C H
H C-OMe 2 0 5
H O-OAc
CH^OMe
3 . Secondary fragm ents a re  formed from p rim ary  fragm en ts  by 
s in g le  o r co n se c u tiv e  lo s s  o f  a c e t i c  a c id  (m/e = 6 0 ) , k e te n e  
(m/e = 42) , m ethanol (m/e = 32) o r  form aldehyde (m/e = 30)
( f ig u r e  I I  5) •
F ig u re  I I  5 The secondary  fragm en ts formed on e le c t r o n  im pact o f TMG
205 — ~  > U 5
161 : M L i Q 1  7I I Q L 7I
161 "(22) 129 ~(^2) .67
1 1 7  ~( 30)____ .—^87
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4» The hase  peak o f th e  spectrum  ( i . e .  th e  l a r g e s t  peak) i s  
g e n e r a l ly  m/e = 43 (CH^C a=o"^ .
5» D e r iv a tiv e s  w ith  th e  same s u b s t i t u t i o n  p a t t e r n  g iv e  
s im i la r  mass s p e c tr a  ty p ic a l  o f th a t  s u b s t i t u t i o n  p a t t e r n  ( f ig u r e  I I  6)
F ig u re  I I  6 The fra g m e n ta tio n  p a t te r n s  o f  two iso m e ric  a c e ty la te d  
p a r t i a l l y  m eth y la ted  a l i d t o l s
CH^OAc CH^OAc
H C-OMe MeO-CH
1 1 7  l _ _
M e O - C H  ^“5 MeO-CH
1 (51.
H C-OMe H C-OMe
• f
2 0 5
HO-OAc HC- OAc
ÙH^OMe CH^OMe
T hus, by th e  s e r i e s  o f  chem ical r e a c t io n s  p re v io u s ly  d e s c r ib e d , i t  i s  
p o s s ib le  to  p roduce from u n i t s  w ith in  a p o ly sa c c h a r id e  s t r u c t u r e ,  
d e r iv a t iv e s ,  c h a r a c t e r i s t i c  o f  th e  o r ig in a l  s t r u c t u r a l  im it  from  which 
th e y  w ere d e r iv e d , which can be e a s i l y  s e p a ra te d  and c h a r a c te r i s e d  
by  th e  combined te c h n iq u e s  o f g . l . c .  — m .s . .
T h is p ro ced u re  has th u s  g r e a t ly  f a c i l i t a t e d  m é th y la tio n  a n a ly s i s
o f  th e  s im p le r  p o ly s a c c h a r id e s .
M é th y la tio n  o f  GS-5 B p o ly sa c c h a rid e  was ach iev ed  by  a  m u l t i - s te p  
r e a c t io n  b ased  upon d im e th y lsu lp h in y l ca rb an io n  (VIA 7) • The
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i n f r a r e d  s p e c tr a  o f  th e  p ro d u c ts  o f each s te p  o f th e  m é th y la tio n  
r e a c t io n  a re  i l l u s t r a t e d  in  f ig u r e  VI 7 and i t  w i l l  be n o te d  th a t  
th e  i n t e n s i t y  o f  th e  band a t  36OO cm  ^ d im in ish ed  w ith  in c re a s in g  
m ethoxyl c o n te n t.
The m ethoxyl c o n te n ts  o f  th e  p ro d u c ts  o f  th e  f i r s t  m é th y la t io n  
s te p s  a re  i l l u s t r a t e d  in  f ig u re  VI 6 a lo n g  w ith  th e  f a t e  o f th e  
m e th y la te d  p ro d u c t. As th e  m é th y la tio n  p roceeded  and th e  amount o f 
m a te r ia l  a v a i la b le  f o r  m ethoxyl d e te rm in a tio n s  became l im i te d ,  due 
l a r g e l y  to  h a n d lin g  lo s s e s ,  d e te rm in a tio n  o f m ethoxyl c o n te n ts  was 
d is c o n t in u e d .
The c o n d itio n s  employed f o r  h y d ro ly s is  o f  th e  m e th y la ted  
p o ly s a c c h a r id e  were chosen such th a t  th e  g ly c o s id ic  lin k a g e s  in  th e  
m e th y la te d  p o ly sa c c h a rid e  would be b roken  and any  p a r t i a l l y  
m e th y la te d  f ru c to s e  l i b e r a te d  would be d e s tro y e d .
The m olar p ro p o r tio n s  o f  th e  v a r io u s  0 - m e th y l- a ld i to l  
d e r iv a t iv e s ,  o b ta in e d  by h y d ro ly s in g  th e  p o ly sa c c h a r id e  f o r  v a r io u s  
le n g th s  o f  tim e , a re  shown in  t a b le  VI 7 and f ig u r e  VI 8 . The m olar 
p ro p o r t io n s  o f  th e  d i-O -m e th y l-a ld ito l  d e r iv a t iv e  and th e  t e t r a - 0 -  
m e th y l - a ld i to l  d e r iv a t iv e  a re  equal and c o n s ta n t (w ith in  ex p e rim en ta l 
e r r o r )  a f t e r  7 .5  hours h y d ro ly s is .  A sm all in c re a s e  in  th e  m olar 
p ro p o r t io n  o f  th e  form er and a sm all d ec re a se  in  th e  m olar p ro p o r tio n  
o f  th e  l a t t e r  and th a t  o f th e  t r i - 0 - m e th y l - a ld i to  1 d e r iv a t iv e  a re  
shown a f t e r  h y d ro ly s is  f o r  24 h o u rs .
The chromatogram o f  th e  10 hour h y d ro ly s is  p ro d u c t i s  i l l u s t r a t e d  
in  f ig u r e  VI 9 and th e  r e te n t io n  tim es o f th e  components a re  shown 
in  t a b l e  VI 8 . I t  w i l l  be observed  th a t  th e r e  a re  fo u r  m ajor components
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I t  has "been shown th a t  GS-5 B p o ly sa c c h a r id e  c o n s is te d  
p r i  i c ip a l ly  o f  g lucose  w ith  a sm all amount o f  f r u c to s e  (VlA 4) 
and th a t  th e  l a t t e r  would he la r g e ly  d e s tro y e d  on h y d r o ly s is .
Thus, th e  fo u r  components a re  e i th e r  g lu c i to l  d e r iv a t iv e s  o r  
n o n - a ld i to l  d e r iv a t iv e s .
Component 1 (peak 1) T^(^ = 1 .00 , was t e n t a t i v e l y  i d e n t i f i e d  
a s  1 ,5 - d i - 0 - a c e ty l - 2 ,3 ,4 ,6 - te tra -O -m e th y l-B -g lu c i to l  (IMG) ( T ^ ^
s ta n d a rd  compound = 1 .00 , T ^ ^  l i t e r a t u r e ^ ^ l  = 1.00) .
Component 2 (peak 2) had a  r e te n t io n  tim e s im i la r  to  th a t  
e x p ec ted  f o r  a t r i -O -m e th y l-B -g lu c ito l  a c e ta t e  h u t was l a t e r  
c h a r a c te r i s e d  as  a n o n -a ld i to l  a c e ta te  d e r iv a t iv e .
Component 3 (peak 3) Ztmg ~ 2 .0 8  was t e n t a t i v e l y  i d e n t i f i e d  as 
1 , 5 ;  6 - t  r  i - 0 - a c e ty l - 2 , 3 , 4 - t r  i -0 -m e th y l-B -g lu c i to l . (ig^yiG
compound = 2 .02  and T ^ q l i t e r a tu r e ^ ^ ^  = 2.22) .
Component 4 (peak 4) = 3*76, was t e n t a t i v e l y  id e n tif fe d  as
a  t e t r a -0 -a c e ty l-d i -O -m e th y l-B -g lu c i to l ,  ex ac t i d e n t i f i c a t i o n  cou ld  
n o t he a ch iev ed  hy  g . l . c .  a lo n e . (2i]]V[G * 3 ; 5 ; 6 - t  e t  r a - 0 - a c e t  y l  -
2 ,4 -d i-O -m e th y l-B -g lu c ito l [ s ta n d a rd  compound] = 3 .6 8 . T ^ ^
1 , 2 , 5 , 6 - t  e t  r a - 0 - a c e ty l - 3 , 4 -d i-O -m e th y l-B -g lu c ito l [ s ta n d a rd  compound]=3.78' 
T ^ ^  [ l i t e r a t u r e ^ ^ l ]  = 4.21 and 4 .26  r e s p e c t iv e ly .)
The m o d if ic a t io n  o f  th e  g . l . c .  -  m .s . in t e r f a c e  (se e  C hap ter V Il) 
had  th e  e f f e c t  o f  red u c in g  r e l a t i v e  r e te n t io n  tim es  o f  a l l  components 
w ith  a b s o lu te  r e te n t io n  tim es g r e a te r  th a n  th a t  o f  TMG. Some 
v a r i a t i o n  in  th e  r e l a t i v e  r e te n t io n  tim e o f  any one component, on 
d i f f e r e n t  ru n s ,  was a lso  n o te d .
T h is  was overcome in  l a t e r  s tu d ie s  by  u s in g  a  s e p a ra te  g . l . c .  
system  f o r  th e  d e te rm in a tio n  o f  th e  r e l a t i v e  r e te n t io n  t im e s .
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S p e c tra  o f  s ta n d a rd  compounds o b ta in ed  on our own a p p a ra tu s  were 
found  to  be s im i la r  to  th o se  re p o r te d  by  L indberg  e^  a l^ ^  (see  
C h ap te r V I l ) .
The mass spectra corresponding to the four peaks obtained on 
subjecting; acetylated, reduced, hydrolysed, methylated GS-5 B 
polysaccharide to g.l.c. are shown in figures VI 10- VI 13.
Spectrum  1 (c o rre sp o n d in g  to  peak 1) c o n ta in s  th e  fo llo w in g  
fra g m e n ts  a t  i n t e n s i t i e s  ^  10^  o f  th e  b ase  peak i n t e n s i t y .
M/e = 43 , 45 , 71, 87, 101, 117, 129, 145, l 6 l and 205. These 
a r e  th e  frag m en ts  o b ta in e d  from 1, 5- d i - 0 - a c e t y l - 2 , 3 , 4 , 6- t  e t r a - 0 -  
m e th y l-B -g lu c i to l  (TMG) on e le c t r o n  im pact ( f ig u r e  I I  3 -  I I  5) .
Thus w ith  th e  combined ev idence o f  g . l . c .  -  m .s . component 1 
was i d e n t i f i e d  a s  1 ,5 -d i-O -a c e t y l - 2 , 3 , 4 , 6- t  e t  ra -O -m eth y l-B - 
g l u c i t o l  and  th e  o r ig in  o f t h i s  compound i s  shown in  f ig u r e  I I  7 .
Component 1 must have o r ig in a te d  from  a  n o n -re d u c in g  
B -g lu c o p y ra n o sy l u n i t  s i tu a te d  a t  a  ch a in  end .
Spectrum  2 (c o rre sp o n d in g  to  peak 2) c o n ta in s  th e  fo llo w in g  
fra g m e n ts  a t  i n t e n s i t i e s  ^  10^  o f  th e  base  peak i n t e n s i t y :  m/e = 43
and 149. There i s  a ls o  a d i s t i n c t i v e  t r i p l e t  o f  peaks a t  an 
i n t e n s i t y  s l i g h t l y  l e s s  th a n  10^  o f th e  base  peak i n t e n s i t y  (m/e 
= 112, 113 and I I 4) .  T his component i s  n o t an  a l d i t o l  d e r iv a t iv e ,  
n o r  does i t  c o n ta in  any d e te c ta b le  q u a n t i ty  o f e i t h e r  1 , 3 , 5 » - t  - £ -  
a c e t y l - 2 ,^ b ‘b i£ -m e th y l -B -g lu c i to l  o r 1 , 2 , 5  - t r i ^ - a c e t y l - 3 , 4 ^ 6 - t r i - 
0 - m e th y l-B -g lu c i to l ,  b o th  o f which p o sse ss  s im i la r  r e t e n t io n  t im e s .
Spectrum  3 (co rre sp o n d in g  to  peak 3) c o n ta in s  th e  fo llo w in g  
fra g m e n ts  a t  i n t e n s i t i e s  10^  o f  th e  hase  peak i n t e n s i t y :  m/e = 43,
87 , 99 , 101, 117, 129, 161 and I 89 . These a r e  th e  fragm en ts
o b ta in e d  from  1 , 5 , 6- t r i - 0 - ^ o e ty l - 2 ,3 ,4 - tr i -O -m e th y l-D -g lu c i to l  on
e l e c t r o n  im pact ( f ig u r e  I I  8) •
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Fig. 11 7 The origin of component 1 in the méthylation analysis of
GS-5 B polysaccharide
CHjOAc 
-OMe
MeO-
CH2OH
OMe
MeO-
-QMe
OAc
.^acetylfltion
-OMe
-OH
CM? OMe
l,5-di-0-acetyl-2, J^4,6-tetra-Q- 
methy1-D-glucitol
CHpMe
z
2,3,4,6-tetra-O-methy1■ 
D-glucitoi 
/ft
r e d u c t io n
CH,OMe
OR-hydrolysis  >
CH,OMe 
0'© ■ Mhoh
OMe OMe OMe
2 , 3 , 4 , 6 - t e t r a - O - m e t h y l -  D- 
g lu c o p y r a n o s e  u n i t  l in k e d  
th ro u g h  p o s i t i o n  1
2 ,3 ,4 ,6 - t e t r a - O - m e t h y l -
D -g lu c o p y r a n o se
CH^OH
méthylation
g -g lu co p y ra n o se  u n it  l in k e d
o n ly  through p o s i t i o n  1
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Fi_gure I I  8 Ih e  fragm en ts formed from 1 . 5 , 6 - t r i - 0 - a c e t y l - 2 , 3 ,4 -  
tr i-O -^ n e th y l—^ g l u c i t o l  on e le c t r o n  im pact
CH^OAc
---------------— , 3 7
M e O - C H  ^33
--J-----------    >101
H C-OMe ■ 189-hJOJ------ .1291(30) ^gg
H C - OAcI
C H 2 O A C
Thus w ith  th e  combined ev idence o f  g . l . c .  and m .s . component 3 was 
i d e n t i f i e d  a s  1 , 5 , 6- t r i - 0 - a c e t y l - 2 , 3 , 4- t r i - 0 -m e th y l-D -g lu c i to l  and 
th e  o r ig i n  o f  t h i s  component i s  i l l u s t r a t e d  in  f ig u r e  I I  9 . 
Component 3 must have a r i s e n  from a  D -glucopyranose u n i t  l in k e d  
th ro u g h  p o s i t io n s  1 and 6 and such a  u n i t  must have form ed a  l i n e a r  
p o r t i o n  o f  th e  p o ly sa c c h a rid e  s t r u c t u r e .  The p re sen ce  o f  such 
u n i t s  in  r e l a t i v e l y  h ig h  p ro p o r tio n s  and th e  absence o f  o th e r  ty p e s  
o f  u n i t s  l in k e d  o n ly  th rough  two p o s i t io n s  su g g e s ts  t h a t  th e  GS-5 B 
p o ly s a c c h a r id e  has a  backbone c o n s i t in g  p r in c i p a l l y  o f  oc—( 1 > 6) — 
l in k e d  D -g lucopy ranose  u n i t s .
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Fig. 11 9 The origin of component 3 in t)ie méthylation analysis of
GS-5 B polysaccharide
CH,OAc2
-OMe
MeO-
CH2OH 
rOlMe
MeO-
a c e tv la tn  on
'OMe 
-OA:
• C H 2 O A C
i,5,6-tri-0-acetyl-2,3,4-tri- 
OHmethyl-p-glucitol
-OMe 
OH- 
CHjOH
2,3,4-tri-O-methy 1-p-glucitol
A
reduction
ChL^DR
hydrolysis
O H 2 O H
Me0.
OMe
"2,3;4-tri-0^methyl-p- 
glucopyranose unit 
linked through positions 1 and 6
OM
H^,OH
OMe
2 ,3 ,4-tri-D-inethyl-p-glucopyranose
méthylation ChLOR
p -g lu co p y ra n o se  u n it  l in k e d
through p o s i t io n s  1 and 6
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Spectrum  4 (c o rre sp o n d in g  to  peak 4) c o n ta in s  th e  fo llo w in g  
frag m en ts  a t  i n t e n s i t i e s  ^ 10^ o f  th e  b ase  peak i n t e n s i t y  ; m/e = 
4 3 1 8 7 , 117, 129 and I 8 9 . These a r e  th e  fragm en ts  o b ta in e d  from 
1 ,3 ,5 t6 - t e t r a - 0 - ^ c e ty l - 2 ,4 - d i - O - m e th y l - D - g lu c i to l  on e le c t r o n  
im pact ( f ig u r e  I I  IO ).
F ig u re  I I  10 The frag m en ts  form ed from  1 , 3 ,5 , 6 - t e t r a - 0 -a c e t y l - 2 , 4- 
d i - 0 —m e th y l-D- g l u c i t o l  on e le c t r o n  im pact
C H 2 O A C
H C-OMe 
I................ 11 7
A c O- C  H
. j , ‘_ _____ b _
H C - O M e 189
-1............... 233
- ( 3 0 )
-(GO
" > 8 7
129
H C - O A c  
C H 7 O A C
Thus w ith  th e  com bined ev id en ce  o f  g . l . c .  and m .s . component was 
i d e n t i f i e d  a s  1 ,3 ,5 » 6 - te t r a - O - a c e ty l—2 ,4 -d i-O -m ethy l-D —g lu c i to l  and 
th e  o r ig i n  o f  t h i s  component i s  shown in  f ig u r e  I I  11.
The m olar p ro p o r t io n s  o f  th e  v a r io u s  a l d i t o l  d e r iv a t iv e s  o b ta in e d  
from  th e  m é th y la t io n  a n a ly s i s  o f  GS—5 B p o ly s a c c h a r id e  (d e te rm in ed  
a s  an  a v e ra g e  from  7 . 5 , 8 . 5 , 10 and 12 h h y d ro ly s is  p ro d u c ts )  a re  
shown in  t a b l e  I I  6 .
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Fig. 11 11 The origin of component 4 in the méthylation analysis of 
GS-5 B polysaccharide ^  ^Ü
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T ab le  I I  6 The m olar p ro p o r tio n s  o f  th e  p ro d u c ts  o f  th e  m é th y la tio n  
a n a ly s i s  o f  GS-5 B p o ly sa c c h a r id e
P ro d u c ts  o f  m é th y la tio n  a n a ly s i s M olarp ro p o r tio n s TZtIvIG
T^ G
s ta n d a rd s
1 y 5—d i—0 —a c e ty l—2 ,3 ,4 ,6 —t e t r a —0 — 
m e th y l-D -g lu c i to l
17.65 1.00 1.00
1 , 5 , 6 - t r i - O - a c e t y l - 2 , 3 , 4 - t r i - 0 -  
m ethyl-D —g l u c i t o l
65 .74 2 .08 2 .02
1 , 3 , 56—t e t r a —0—a c e ty l—2 ,4 —d i “^ —■ 
m e th y l-D -g lu c i to l
16.59 3 .7 6 3 .6 8
Thus th e  p ro p o r t io n  o f  d i - 0 —: t r i - 0 - :  te tra -0 -m e th y l~ B -
g l u c i t o l  d e r iv a t iv e  i s  (w ith in  ex p e rim en ta l e r ro r )  1 :4 :1 .
The a v e ra g e  r e p e a t in g  u n i t  o f  GS-5 B p o ly s a c c h a r id e  as  
d e te rm in e d  by  m é th y la t io n  a n a ly s i s  i s  i l l u s t r a t e d  in  f ig u r e  I I  12,
F ig u re  I I  12 The av e rag e  r e p e a t in g  u n i t  o f  GS-5 B p o ly sa c c h a r id e
o
0— 0— 0- 0-0
n
o p -g lu co p y ra n o se  u n i t  
■—> a-( 1—%"6) g ly c o s id ic  l in k a g e
( l —>3) g ly c o s id ic  l in k a g e
8o
IIB  6 I n v e s t ig a t io n  and c h a r a c te r i s a t io n  o f  th e  p rim ary  lin k a g e s  
in  GS-5 B p o ly s a c c h a r id e  hy p a r t i a l  a c id  h y d ro ly s is
E x te n s iv e  u se  h as  been  made, in  p re v io u s  work, o f  a c id
1 18h y d ro ly s is  as  a  method o f  p a r t i a l l y  d eg rad in g  p o ly s a c c h a r id e s  ’ ’
E xperim en ts  w ith  d is a c c h a r id e s ^ ^ '^ ^ ^  have e s ta b l i s h e d  th e  
o rd e r  o f  s t a b i l i t y  o f  a - g lu c o s id ic  l in k a g e s  to  a c id  h y d ro ly s is ,  an  
a—(l*-^6) l in k a g e  b e in g  th r e e  o r  fo u r  tim e s  more e x i s t a n t  to  
h y d ro ly s is  th a n  a  seco n d a ry  a - g lu c o s id ic  l in k a g e  ( f ig u re  I I  13) .
P a r t i a l  h y d ro ly s is  o f  d e x t r a n s ^ '^ ^ '^ ? ,7 4 -78 ,105 ,424 ,425  
b een  shown to  y i e ld  p ro d u c ts  c o n s is t in g  alm ost e x c lu s iv e ly  o f  
a—(1—» 6)—l in k e d  o l ig o s a c c h a r id e s  ( i . e .  homologues o f  is o m a lto s e ) .  
The h ig h  d eg ree  o f  p o ly m e r is a t io n  o f  some o f  th e  homologues su g g e s ts  
t h a t  t h i s  c l a s s  o f  p o ly s a c c h a r id e  c o n ta in s ,  a s  a  g e n e ra l f e a tu r e ,  a  
l a r g e  number o f  co n tig u o u s  a-(l— ^ 6)- l in k e d  D -g lucopyranose  u n i t s .
The GS-5 B p o ly s a c c h a r id e  was s u b je c te d  to  p a r t i a l  a c id  
h y d ro ly s is  (VIA 12) and th e  hydro ly s a t e  and reduced  h y d ro ly s a te  
w ere s u b je c te d  to  p a p e r  chrom atography and e le c t r o p h o r e s is .
I t  h as  been  dem on stra ted ^^^  t h a t  i f  th e  ^  v a lu e s  (VA 7) o f 
th e  members o f  an  homologous s e r i e s  a r e  p lo t t e d  a g a in s t  t h e i r  
d eg ree  o f  p o ly m e r is a tio n  a  s t r a i g h t  l i n e  r e s u l t s .  The ^  v a lu e  
o f  each  o f  th e  s e r i e s  o f  compounds o b ta in e d  by  th e  p a r t i a l  a c id  
h y d ro ly s is  o f  GS-5 B p o ly s a c c h a r id e  ( ta b le  VI 9) was p lo t t e d  
a g a in s t  i t s  d eg ree  o f  p o ly m e r is a tio n  ( e i t h e r  d e term ined  ch em ic a lly  
[VD 7]  o r  by  com parison  w ith  s ta n d a rd  compounds) ( f ig u r e  I I  I 4) .
The v a lu e s  o f  th e  s e r i e s  o f  compounds p re s e n t  in  th e  
red u ce d  p a r t i a l  a c id  h y d ro ly s a te  o f  GS-5 B p o ly s a c c h a r id e  were 
s i m i l a r l y  p lo t t e d  ( f ig u r e  I I  I 5) • In  b o th  c a se s  a  s t r a i g h t  l i n e  
was p ro d u ced .
81
U
»in
CO
4J(d
•d
Id
Ü
0
â0W
Sllin
-r4
to0)
o•H
«
0fH
tn
é
Q)
%
«MO
(0
0)
•H
Ü
ÿ
m
s
»CJ
%o
tJi
•H(m
or o
<w0
■p0
1<u
g•H4JfCjü)
•iH
82
_
C «d
!  
o -P w c
(U 
^  fd
& ÏÏ
^ cr> o c
o04
tuo
0)
E
•o
00
KO
~ csl
83
rH +J rH 4->
(0 >, fCÆ Æ (Ü A >4 M
CP c Cn CO "H O *H
t i  c  - P C
-H fd -H
o -P
-H
in
«W
in
KD
* ID
■ ^
‘ CO
‘ (N
m
o
A
84
«MO
■p
o
p4
w
en
%0
1u
■puû)
u
s-eu
•H
i3
•g
ü(dU)
a
m
lOIwü
ip
o
a
I
È
•O
-Ucd
r4Id
"H
S
Pi
0)
g
VDiH
r—I iH
tri
k
•H
-P<0w
•HU0)
a
fH
Pi
o
0)
Q)
a
ClHD
WP
P
>
g
-H+J(d(0
•pp
o in (Ti CN• CN Ch n
o o
a  a & a
p  -p  u  dJ
p  *H P  -HO fO O nd
» lo
ro
CN
LO
1 3
O
CN
O
85
In  a d d i t io n ,  when th e  reduced  p a r t i a l  h y d ro ly s a te  o f  GS-5 B 
p o ly s a c c h a r id e  was s u b je c te d  to  m olyhdate e le c t r o p h o r e s is ,  a  p lo t  
o f  ( t a b l e  VI 12 and VI 13) v e rsu s  d eg ree  o f  p o ly m e r is a tio n  f o r
each  component in  th e  red u ced  hydro ly s a t e  gave a  s t r a i g h t  l i n e  in  
acco rd an ce  w ith  th e  fo rm u la  i / m^ = 1 + 0 .3 1  n  (where n i s  th e  
d eg ree  o f  p o ly m e ris a tio n )  c h a r a c t e r i s t i c  o f  an homologous s e r ie s ^ ^ ^  
( f ig u r e  I I  1 6 ).
The p artia l acid hydrolysate of GS—5 B polysaccharide was 
subjected to preparative paper chromatography in solvent (b)
( v ia  12 (b )) and  th r e e  com ponents, compounds 1, 2 and 3 , were e lu te d  
from  th e  p a p e r .
Compounds 1, 2 and  3 were p u r i f i e d  by  r e  chrom atography in  
s o lv e n t  ( b ) , t r e a t e d  w ith  a c t iv a t e d  c h a rc o a l, and  e v ap o ra ted  to  
s y ru p s .
The degree of polymerisation of each compound was determined 
(VD 7) and these are shown in tab le II  7« C rystalline derivatives  
o f compounds 1 and 2 were prepared and th e ir  m elting points and 
mixed melting points are tabulated in tab le II  7»
d e r iv a t iv e s  o f  compounds 1, 2 and 3 o b ta in e d  by  th e
p a r t i a l  h y d ro ly s is  o f  GS-5 B p o ly sa c c h a r id e
D egree o f  
Compound p o ly m e ris ­
a t io n
C r y s ta l l in e
d e r iv a t iv e
m .p. o f mixed L i te r a tu r e  
c r y s t a l 1— m e ltin g  m e ltin g  
in e  p o in t  o f  p o in t  o f 
d e r iv a t iv e  c ry s  ta l l - d e r iv a t iv e  
in e
derivative
I d e n t i t y
o f
compound
Compound
1
2
3
1
1.8
2 .9
P -p e n ta —
a c e ta t e
p—0 c ta - a c e t a te
130°C
I 40°c
130°C 13 2°C^^^ 
140°c 144°C?5
g lu co se
is o ­
m alto se
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Compound 1 had  a  deg ree  o f  p o ly m e ris a tio n  e q u iv a le n t to  1 ,
The ^  v a lu e  o f  compound 1 was s im i la r  to  t h a t  o f  D -glucose and 
th e  ^  v a lu e  o f  reduced  compound 1 to  th a t  o f  D - g lu c i to l .  In  
a d d i t io n ,  th e  c r y s t a l l i n e  p e n ta a c e ta te  had  a  m e ltin g  p o in t o f  130°C 
and a  mixed m e ltin g  p o in t  (when compound 1 was mixed w ith  an 
a u th e n t ic  sam ple o f  g lu c o se  P -p e n ta a c e ta te )  o f  130°C. Thus 
compound 1 was i d e n t i f i e d  a s  D -g lu co se . T his was s u b s ta n t ia te d  
by  th e  f in d in g s  o f  I  IB 1 (a) in  w hich g lu c o se  was id e n t i f i e d  in  th e  
t o t a l  a c id  h y d ro ly s a te  o f  GS—5 B p o ly sa c c h a r id e  by  p ap er chrom ato­
g rap h y  and IIB  2 in  w hich GS—5 B p o ly sa c c h a r id e  was found to  c o n ta in  
9 3 .4 ^  g lu c o se  (by enzymic a s sa y  [VIA 4 (d ) ] ) .
Compound 2 had  a  d eg ree  o f  p o ly m e r is a tio n  o f  2 (ex p e rim en ta l 
v a lu e  1 . 8) . Tiie ^  v a lu e  o f  compound 2 was s im i la r  to  t h a t  o f 
is o m a lto s e  and th e  ^  v a lu e  o f  reduced  compound 2 to  t h a t  o f
” Vj
i s o m a l t i t o l .  The c r y s t a l l i n e  o c ta a c e ta te  had  a  m e ltin g  p o in t o f  
140°C and a  m ixed m e ltin g  p o in t  (when compound 2 i s  mixed w ith  an 
a u th e n t ic  sam ple o f  iso m a lto se  p -o c ta a c e ta te )  o f  140°C. Thus, 
compound 2 was i d e n t i f i e d  a s  iso m a lto se  (O -a -^ g lu c o p y ra n o s y l-  
( l — 6) -D -g lu co se ) . This i s  in  agreem ent w ith  th e  r e s u l t s  o f IIB  5 
w hich in d ic a te  t h a t  83^ o f  th e  D -g lucopyranosy l u n i t s  in  GS-5 B 
p o ly s a c c h a r id e  w ere l in k e d  th ro u g h  p o s i t io n s  1 and 6 o r 1 , 3 and 6 .
S in ce  th e  s e r i e s  o f  compounds in  th e  p a r t i a l  a c id  h y d ro ly sa te  
form  an  homologous s e r i e s ,  i t  fo llo w s  th a t  t h i s  s e r i e s  i s  based  
upon is o m a lto s e , i . e .  t h a t  th e  o l ig o sa c c h a r id e s  c o n ta in e d  a-D - 
g lu c o p y ra n o sy l u n i t s  l in k e d  th ro u g h  p o s i t io n s  1 and 6 .
Compound 3 has a  d eg ree  o f  p o ly m e ris a tio n  o f  3 (ex p erim en ta l 
v a lu e  2 . 9) .  The ^  o f  compound 3 i s  s im i la r  to  th a t  o f  is o m a lto -  
t r i o s e  and th e  ^  v a lu e  o f  reduced  compound 3 i s  s im i la r  to  t h a t  o f
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i s o m a l t o t r i i t o l • T h is i s  f u r t h e r  ev idence f o r  th e  e x is te n c e  o f an  
homologous s e r i e s  b ased  on is o m a lto s e .
The p re se n c e  o f  such  a  s e r i e s ,  c o n ta in in g  homologues o f h ig h  
d eg ree s  o f  p o ly m e r is a t io n , i s  in d ic a t iv e  o f  a  p o ly sa c c h a rid e  
s t r u c t u r e  c o n ta in in g  a  la rg e  number o f  contigij.ous 6 ) - l in k e d
^ g lu c o p y ra n o s y l  u n i t s  which form  th e  p o ly s a c c h a r id e  backbone 
( i . e .  a  p o ly s a c c h a r id e  s t r u c tu r e  o f  th e  • c l a s s i c 'd e x t r a n  ty p e ) .
IIB  7 C h a r a c te r i s a t io n  o f  th e  seco n d ary  g lu c o s id ic  l in k a g e s  in  
GS-3 B p o ly s a c c h a r id e  by  p a r t i a l  a c e to ly s is
(a) The e l e c t r o c h o r e t ic  m ig ra tio n s  o f  g -B-g lu c o b io se s  and 
g-D- g lu c o b i i t o 18 in  b o ra te  and m olybdate b u f f e r s  
The r e la t io n s h ip  betw een th e  s t r u c tu r e s  o f  v a r io u s  
su g a rs  and t h e i r  a b i l i t i e s  to  complex w ith  b o ra te  and m olybdate ions 
have been  rev iew ed  by  F o s te r^ ^ ^  and W eigel^^^ r e s p e c t iv e ly .
( i )  E le c tro p h o re s is  in  sodium b o ra te  b u f f e r ,  pH 10.0 
( b u f f e r  ( a ) ) .
B o ric  a c id  a c t s  a s  a  Lewis a c id  a c c e p tin g  th e  
e l e c t r o n  p a i r  o f  th e  b ase  ( e .g .  0H~) to  form  th e  s t a b l e  an io n  
B(0H)^~ At a lk a l in e  pH t h i s  an io n  can form a  weak
n e g a t iv e ly  ch arg ed  complex w ith  many n e u t r a l  su g a rs  and t h e i r  
d e r iv a t iv e s  and  such  com plexes w i l l  m ig ra te  under e l e c t r o p h o r e s is .
F o s te r  c o n s id e re d  t h a t ,  in  g e n e ra l,  th e  m agnitude o f  th e  n e t 
c h a rg e , and  hence th e  r a t e  o f  m ig ra tio n  o f  th e  complex depends upon 
two f a c t o r s .
The f i r s t ,  th e  number o f  c o n t r ib u t io n s  o f  th e  r in g  ( e i t h e r  
py ran o se  o r  fu ra n o se ) and th e  open ch a in  form s o f  th e  su g a r (o r  i t s
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d e r iv a t iv e )  w hich can i n t e r a c t  w ith  th e  h o ra te  io n  and th e  second, 
th e  s t r e n g th  o f  th e  i n t e r a c t io n  a t  each com plexing c e n t r e .
R educing form s o f  th e  s u g a rs ,  p ro b a b ly  aldehyde form s, have
b een  d e te c te d  by  p o la ro g ra p h ic  s tu d ie s ^ ^ ^  and th e y  have been  shown
to  in c re a s e  r a p id ly  w ith  in c re a s in g  pH, and i t  would th u s  ap p ear
l i k e l y  t h a t  th e s e  c o n t r ib u te  s i g n i f i c a n t l y  to  th e  b o ra te  com plex.
431Angyal c t  ^  d em o n stra ted , u s in g  n .m .r .  s p e c tro s c o p y ,th a t  
b o ra te  io n s  form  com plexes w ith  th r e e  s y n -a x ia l  hyd roxy l groups 
b u t n o t w ith  an  a x i a l - e q u a t o r i a l - a x i a l  seq u en ce .
E xperim en ts  w ith  many su g ars^^ ^  le d  to  th e  c o n c lu s io n  t h a t ,  
f o r  D -g lu co se , e f f e c t i v e  i n t e r a c t io n s  o f  th e  b o ra te  io n s  w ith  th e  
r i n g  and open c h a in  fo im s o f  th e  su g a r a re  l im i te d  to  th r e e  
p o s s i b i l i t i e s  ( f ig u r e  I I  17 ), w hich a r e ,  in  o rd e r  o f  p r e f e r e n c e ; -
The i n t e r a c t i o n  w ith  th e  c is -h y d ro x y l groups a t  C-2 and C-4 
in  th e  a c y c l ic  form , s t r u c t u r e  (XXXIV) .
The i n t e r a c t i o n  w ith  th e  e q u a to r ia l  h y d roxy l groups a t  C-1 and 
C—2 in  th e  p y ran o se  o r  fu ra n o se  r in g  form  s t r u c t u r e  (XXXV) .
The i n t e r a c t i o n  w ith  th e  h y d roxy l groups a t  C-4 and C—6 in  th e  
a c y c l i c  form , s t r u c t u r e  (XXXVl) .
C o n s id e r in g  th e  a -g lu c o b io s e s ,  b o th  n ig e ro s e  and iso m a lto se  
a r e  a b le  to  form  com plexes o f  th e  ty p e  XXXIV and XXXV and hence 
th e  m o b i l i t i e s ,  in  b o ra te  b u f f e r ,  f o r  th e s e  two compounds a re  
r e l a t i v e l y  h ig h  ( t a b l e  I I  8) .
M alto se  com plexes w ith  b o ra te  to  produce o n ly  a  complex o f  
ty p e  (XXXV) and hence m a lto se  has  o n ly  a  m oderate m o b i l i ty  in  
b o r a te  b u f f e r  ( t a b l e  I I  8 ) .  K o jib io se , to o , o n ly  form s a  s in g le  
com plex, o f  ty p e  (XXXVl) and hence p o sse sse s  o n ly  a  m oderate m o b i l i ty
in  b o r a te .
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F ig  11 17 B o ra te -D -g lu co se  complexes — P o s s ib le  s t r u c tu r e s
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Fig. 11 17 (continued)
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T ab le  I I  8 E le c t ro p h o re s is  in sodiiun h o ra te  b u f f e r ,  pH 10.0 
( b u f f e r  (a ) )  -  M o b i l i t ie s  o f  th e  a -g lu c o b io se s
D isa c c h a rid e
Iso m a lto se 0 -a -D -g lu c o p y ra n o sy l- (  1—» 6) -D -g lu co se 0 .6 9
N ig ero se 0 _ -a -^ g lu c o p y ra n o s y l- ( l—^ 3 )-D -g lu co se 0 .6 9
M alto se 0_ -a-D -g lu co p y ran o sy l-( 1—► 4) -D -g lu co se 0 .3 2
K o jib io s e 0 -a -D -g lu c o p y ra n o s y l- ( l—► 2) -D -g lu co se 0 .3 2
I t  i s  th u s  p o s s ib le  to  d i f f e r e n t i a t e  betw een iso m a lto se  o r  n ig e ro s e  and 
m a lto se  o r  k o j ib io s e  by  e le c t r o p h o r e s is  in  sodium b o ra te  b u f f e r ,  
pH 1 0 .0 .
( i i )  E le c t ro p h o re s is  in  sodium m olybdate b u f f e r ,  pH 5»Q
I n  a c id  s o lu t io n  m olybdates a r e  a b le  to  form  a n io n ic
432com plexes w ith  c e r t a i n  po lyhydroxy  compounds b u t th e  form  o f  th e  
com plex ing  s p e c ie s  was n o t i n i t i a l l y  a p p a re n t due to  th e  fo rm a tio n  o f 
s e v e r a l  is o p o ly a c id  io n s  a t  a c id  pH^^^.
Reduced a—H—g lu c o se  d is a c c h a r id e s  were u sed  to  in v e s t ig a te  th e  
e f f e c t s  o f  s u b s t i t u t i o n  upon th e  com plexing o f  th e  h e x i to l  m olecu les 
and  th e  m olybdate  ion'^^'^.
A n a ly s is  o f  th e  m o ly b d a te -g lu c o b ii to l  complexes"^^^ in d ic a te d  
t h a t  th e y  f a l l  in to  th r e e  g ro u p s, which a re  a s  fo llo w s
The 2 and  6 0—s u b s t i tu t e d  g lu c i to l s  ( i s o m a l t i to l  and k o j i b i i t o l )  
form  a  complex in  which th e  su g a r a lc o h o l:  molybdenum atom r a t i o  i s
1:2 .
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The 4 0—s u b s t i tu t e d  g l u c i to l s  (m a l t i to l )  form  a  complex in  which 
th e  su g a r  a lc o h o l :molybdenum atom r a t i o  i s  1 :1 .
The 3 0—s u b s t i tu t e d  g l u c i to l s  ( n ig e r i to l )  ap p ea r n o t to  form 
s t a b l e  com plexes.
P o te n t io m e tr ic  s tu d ie s^ ^ ^  in d ic a te d  th a t  th e  com plexing m olybdate
2 _
s p e c ie s  was, in  a l l  c a s e s ,  Mo^O^ and p e r io d a te  o x id a tio n  s tu d ie s  o f 
th e  e s s e n t i a l l y  s im i la r  tu n g s ta te '^ ^ ^  com plexes in d ic a te d  th a t  in  a  
com plex, in  w hich th e  s u b s t i tu t e d  h e x ito l:m o ly b d a te  atom r a t i o  was 
1 :2  fo u r  a d ja c e n t h y d ro x y l groups were in v o lv e d .
Thus f o r  i s o m a l t i to l  th e  complex would ap p ea r to  be a s  shown in  
s t r u c t u r e  (XXXVIl) and th e  k o j ib i i to l :m o ly b d a te  complex would ap p ea r 
t o  be o f  th e  ty p e  shown in  s t r u c t u r e  (XXXVIIl) , b o th  in v o lv in g  th e  
com plexing  o f  th e  h yd roxy l groups o f  fo u r  a d ja c e n t carbon  atoms w ith  
a  s in g le  Mo^O^^ ”  a n io n  ( i . e .  a  s u g a r  alcohol:m olybdenum  io n  
r a t i o  o f  1 :2 ) .
The m ig ra tio n  o f  m a l t i t o l  i s  acco u n ted  f o r  by  th e  fo rm a tio n  o f  a 
com plex in v o lv in g  th r e e  a d ja c e n t hyd ro x y l g roups o f  two m olecu les o f 
m a l t i t o l  and a  s in g le  Mo^O^^ a n io n  ( i . e .  a  su g a r a lc o h o l:m o ly b d a te  
atom  r a t i o  o f  1 : l ) .
The m o b i l i t i e s  o f  com plexes o f  ty p e s  (XXXVIl) and (XXXVTIl) a re  
h ig h  w hereas com plexes o f  ty p e  (XXXIX) have o n ly  a  m oderate m o b i l i ty  
u n d er th e  in f lu e n c e  o f  an  a p p lie d  e l e c t r i c  f i e l d .  The m o b i l i t ie s  
f o r  th e  fo u r  a -D -g lu c o b i i to ls  a re  shown in  t a b le  I I  9*
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Fig 11 18 Molybdate-D-glucitol complexes - Possible structures—--------   OFTDH----- :---
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T able I I  9 E le c tro p h o re s is  in  sodium m olybdate b u f f e r ,  pH 5«Q 
( b u f f e r  (b )) — M o b il i t ie s  o f  th e  g -g lu c o b i i to ls
D isacch a rid e
I s o m a l t i t o l 0 -a -D -g lu c o p y ra n o sy l-(  1—^  6) -D ^ g lu c ito l 0 .7 0
K o j i b i i t o l 0 -a -p -g lu c o p y ra n o s y l- (  1—^  2) -D -g lu c i to l 0 .7 0
M a l t i to l 0 - a - ^ g lu c o p y r a n o s y l - (  1—^  4 )-D -g lu c i to l 0 .4 3
N ig e r i t o l 0 -a -D -g lu c o p y ra n o sy l-(  1-r$> 3) -D -g lu c i to l 0 .05
U sing  e le c t r o p h o r e s is  in  sodium m olbydate b u f f e r ,  pH 5*0 (b u f f e r  (b )) 
i t  i s  p o s s ib le  to  d i f f e r e n t i a t e  betw een i s o m a l t i to l  o f  k o j i b i i t o l ,  
m a l t i t o l  and n i g e r i t o l . -
(b) The a c e to ly s i s  o f  GS-5 B p o ly sa c c h a r id e  
79M atsuda e t ^  have dem o n stra ted , th ro u g h  experim en ts 
w ith  a -D -g lu c o b io se s , t h a t  th e  o rd e r  o f  s t a b i l i t y  o f  a -g lu c o s id ic  
l in k a g e s  to  a c e to ly s i s  r e a g e n ts  i s  a - ( l — 2) >  a - ( l — *-3) 
y  ^  4) ^  a ( l —► 6) ( f ig u r e  I I  19) w hich i s  th e  r e v e rs e  o f  th a t
found  in  p a r t i a l  a c id  h y d ro ly s is  ( f ig u r e  I I  13 ).
T h is  in c re a s e d  s t a b i l i t y  o f  th e  non—a—( 1""^ 6) l in k a g e s  to  
a c e t o l y s i s ,  as  compared w ith  a c id  h y d ro ly s is ,  i s  th o u g h t to  be due to  
a  s t e r i c  e f f e c t ,  th e  a t ta c k in g  s p e c ie s ,  th e  s o lv a te d  a c é ty la t io n  io n , 
b e in g  a b le ,  more e a s i l y ,  to  g a in  a cc ess  a t  th e  more "open* 
a _ ( l—^  6) l in k a g e s  th a n  a t  th e  more "crowded* a - ( l —» 2) , a - ( l —»  3)
and  a - ( l —> 4 )  l in k a g e s .
Such a  r e v e r s a l  o f th e  r a t e  o f d e g ra d a tio n  p e rm its  th e  i s o l a t i o n  
o f  segm ents o f  th e  m olecu le  c o n ta in in g  n on - a - ( l —^ 6) lin k a g e s
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i n  c o n s id e ra b ly  l a r g e r  y ie ld s  th a n  by  a c id  h y d ro ly s is  and 
4 0 ,7 8 ,9 3 ,1 0 3 ,1 0 6 ,1 0 7  1 8 ,4 0 ,7 6 ,7 8 ,9 3 ,1 0 2 -1 0 7
1 8 ,76 ,93
G -(l > 4) l in k a g e s  have a l l  been  i d e n t i f i e d  in  v a r io u s  d e x tra n s  by 
t h i s  m ethod.
In  o rd e r  to  c h a r a c te r i s e  th e  seco n d ary  lin k a g e s  in  GS—5 B 
p o ly s a c c h a r id e  a  sam ple o f th e  p o ly sa c c h a r id e  was s u b je c te d  to  
p a r t i a l  a c e to ly s i s  (VIA 13)• A f te r  d e a c e ty la t io n ,  d e io n is a t io n  
and  e v a p o ra tio n  th e  f r e e  su g a rs  produced were s u b je c te d  to  p ap er 
chrom atography  in  s o lv e n ts  (a) and (b) . S ta in in g  re a g e n ts  (a) and
(c) w ere em ployed. The l a t t e r  g iv e s  c h a r a c t e r i s t i c  c o lo u rs  f o r  th e  
a -B -g lu c o b io s e s . N igerose  and iso m a lto se  g iv e  a  g re e n -g re y  
c o lo u ra t io n ,  k o j ib io s e  g iv e s  a  brown c o lo u ra t io n  and m a lto se  a  b lu e  
c o lo u ra t io n .
The ^  v a lu e s  o f  th e  components o f  th e  a c e to ly s a te  o f  GS-5 B 
p o ly s a c c h a r id e , compared w ith  th e  ^  v a lu e s  o f  th e  components o f  th e  
p a r t i a l  h y d ro ly s a te  o f  a  s ta n d a rd  d e x tra n  (D ex tran  T40 Sigma 
B iochem icals  L td .)  a re  shown in  t a b le s  VI 14 and VI 15*
These r e s u l t s  in d ic a te  th e  p re se n c e  in  th e  a c e to ly s a te  o f 
GS-5 B p o ly s a c c h a r id e  o f a  s e r i e s  o f  compounds h av in g  ^  v a lu e s  
s im i la r  to  th o s e  o f  th e  members o f  a  homologous s e r i e s  b ased  upon 
is o m a lto s e .
In  a d d i t io n  compounds, n o t members o f  th e  iso m a lto se  homologous 
s e r i e s  and th o u g h t to  c o n ta in  seco n d ary  lin k a g e s  d e r iv e d  from b ran ch  
p o in ts  in  th e  p o ly sa c c h a r id e  s t r u c t u r e ,  were p r e s e n t .
Compound 12, th e  compound, n o t a  member o f  th e  iso m a lto se  
s e r i e s ,  h av in g  th e  low est deg ree  o f p o ly m e ris a tio n  was i s o la te d  from 
th e  p a r t i a l  a c e to ly s a te  by  p r e p a ra t iv e  p ap er chrom atography in
Fig. 11 19 Acetolysis of - f o a r ^  cx-glucobioses
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s o lv e n t  ("b) • I t  was s u b je c te d  to  e le c tro p h o re s is  in  "buffer (a) and 
in  i t s  red u ced  form to  e le c t r o p h o r e s is  in  b u f f e r  ( h ) . The m o b i l i t ie s  
o f  compound 12 and reduced  compound 12 in  b u f f e r s  (a) and (b) 
r e s p e c t iv e l y  and th e  d eg ree  o f  po lym erisa tion (V D  7) o f  compound 12 
a r e  shown in  t a b l e  I I  10.
In  a d d i t io n  th e  p r o p e r t ie s  o f  th e  c r y s t a l l i n e  d e r iv a t iv e  p re p a re d  
from  compound 12 a r e  shown in  t a b le  I I  11.
Some p r o p e r t i e s  o f  compound 12
D egree o f  p o ly m e r is a tio n  (VID 7) 1.9
s o lv e n t (a) 0 .7 6
^  s o lv e n t (b) 0 .71
^  b u f f e r  (a) 0 .7 2
^  o f  red u ced  compound 2 in  b u f f e r  (b) 0
C olour w ith  s t a in in g  re a g e n t (c) g re y -g re e n
T ab le  I I  11 The p a r t i a l  a c e to ly s i s  o f  GS-5  B p o ly sa c c h a r id e  -
Some p r o p e r t i e s  o f  th e  c r y s t a l l i n e  d e r iv a t iv e  o f  
compound 12
D egree o f 
Compound p o ly m eri­
s a t io n
D e r iv a tiv e
M eltin g
p o in t
Mixed m e ltin g  L i te r a tu r e  
p o in t v a lu e
Compound
12
1.9 p -o c ta a c e ta te 152°c I n s u f f i c i e n t  151-152°C 
m a te r ia l
Compound 12 had  a  deg ree  o f  p o ly m e ris a tio n  o f  2 . The ^  o f  compound 
12 was s im i la r  to  t h a t  re p o r te d  f o r  n ig e ro s e .  The ^  v a lu e  when 
s u b je c te d  to  p ap e r e le c t ro p h o re s is  in  b u f f e r  (a) was s im i la r  to  t h a t  
r e p o r te d  f o r  n ig e ro s e  and reduced  compound 12 had a  m o b il i ty  o f  ze ro
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i n  "buffer ("b) a s  r e p o r te d  f o r  n i g e r i t o l  (se e  s e c t io n  IIB  7)
( t a b l e  I I  1 0 ) .
The c r y s t a l l i n e  p—o c ta a c e ta te  had a  m e ltin g  p o in t  s im i la r  to  
t h a t  r e p o r te d  f o r  n ig e ro s e  p—o c ta a c e ta te .  Ro m a te r ia l  rem ained
t o  p e rfo rm  a  mixed m e ltin g  p o in t  d e te rm in a tio n .
Thus, compound 12 was id e n t i f i e d  as n ig e ro s e  ^0—a-D -g lu co — 
p y r a n o s y l - ( l— 3) —D -g lu co se] and n ig e ro s e  was th e  o n ly  's e c o n d a ry -  
lin k e d *  d is a c c h a r id e  to  be d e te c te d  in  th e  p a r t i a l  a c e to ly s a te  
o f  GS-5 B p o ly s a c c h a r id e .  Thds i s  in  agreem ent w ith  th e  f in d in g s  
o f  s e c t io n  IIB  5 w hich show th e  p re sen ce  o f g lu co p y ran o sy l u n i t s  
l in k e d  th ro u g h  p o s i t io n s  1, 1 and 6 o r  1 ,3  and 6 o n ly .
T h e re fo re , GS-5 h p o ly sa c c h a r id e  p o sse sse s  a  backbone o f 
c o n tig u o u s  a - ( l —» 6 )- l in k e d  B -g lu co p y ran o sy l u n i t s  w ith  b ranches 
c o n s i s t i n g  o f  a t  l e a s t  a  s in g le  D -g lucopyranosy l u n i t  a t ta c h e d  to  
th e  a - ( l —^ 6 ) - l in k e d  backbone by means o f  a - ( l - ^  3) g lu c o s id ic  
l in k a g e s .
IIB  8 The enzymic d e g ra d a tio n  o f  GS-5 B p o ly sa c c h a r id e  by 
d e x tra n a se
D ex tran ases  [ a - ( l —> 6) g lu c an  6 -g lu c a n h y d ro la se s  EC 3*2*1*1l] 
a r e  enzymes t h a t  s p e c i f i c a l l y  h y d ro ly se  th e  a - ( l —^  6) l in k a g e s  in  
d e x t ra n s .
E ndo d ex tran ases  i . e .  d e x tra n a se s  t h a t  c le a v e  d e x tra n s  in  a 
random fa s h io n ,  have been  induced  by grow ing c e r t a in  s t r a i n s  o f
114P é n ic i l l iu m  on m edia c o n ta in in g  d e x tra n  a s  th e  s o le  carbon  so u rce
The enzymes produced  by P é n ic i l l iu m  li la c in u m  [ s t r a i n s  I .M .I .  
27830 (lïïffîL 895) and I .M .I .  79197 (MRL 896) ]  and P é n ic ill iu m
100
fu n icu lo siu n  [ s t r a i n s  I .M .I .  79195 (MRL 1132) and I .M .I .  40235 
(NRRL 1768)] have been  in v e s t ig a te d  by W eigel .6 6 ,137» 139
These w orkers d em o n stra ted  t h a t  iso m a lto se  was th e  m ajor p ro d u c t 
o f  th e  enzym ic h y d ro ly s is  o f  a  b ranched  d e x tra n  and th a t  iso m a lto — 
t r i o s e  and some g lu c o se  were produced  a lo n g  w ith  l i m i t  d e x t r in s .  
The l i m i t  d e x t r in s  a l l  c o n ta in e d  a t  l e a s t  one seco n d ary  lin k a g e  
and  th e  c a r e f u l  c h a r a c te r i s a t io n  o f th e s e  l i m i t  d e x t r in s  enab led  
th e  mode o f  a c t io n  o f  th e  fu n g a l en d o d ex tran ases  to  be d e te rm in e d . 
I t  was found th a t  c e r t a in  lin k a g e s  w ith in  th e  s t r u c tu r e  o f  a 
b ran ch e d  d e x tra n  a re  r e s i s t a n t  to  a t t a c k  by th e s e  enzym es.
These f in d in g s  a re  sum m arised in  f ig u r e s  11, 20 and 11 21 .
F ig u re  11 20 The mode o f  a c t io n  o f  P . l i la c in u m  d e x tra n a se  on a 
b ran ch ed  d e x tra n
o o
0-0 le g en d  to  th e  fo llo w in g  
s t r u c tu r e s
^ 2 ^  ^ g lu c o p y ra n o s e  u n i t
 > a - ( l — 6) l in k a g e
I  n o n - a - ( l—> 6) lin k a g e
lin k a g e s  r e s i s t a n t  
to  enzymic h y d ro ly s is
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F ig u re  I I  21 The mode o f  a c t io n  o f  P . fun icu losum  d e x tra n a se  on a 
"branched d e x tra n
/v-o—»o—o—o—
O o o
n
I t  w i l l  "be n o te d  th a t  an  a - ( l —»  6) l in k a g e  on th e  n o n -red u c in g  s id e  
o f  th e  "b ranch ,po in t i s  r e s i s t a n t  to  h y d ro ly s is  hy P . l i la c in u m  
d e x tra n a se  "but i s  c le a v e d  "by th e  d e x tra n a se  o f  P . fu n icu lo su m .
Thus, th e  s m a lle s t  l i m i t  d e x t r in  produced  "by th e  a c t io n  o f 
P . l i la c in u m  d e x tra n a se  on a  "branched d e x tra n  ( e .g .  one c o n ta in in g  
a—( 1—^ 3) lin k a g e s )  would "be th e  p e n ta sa c c h a r id e  0 -a -B -g lu c o -  
p y r a n o s y l - ( l—» 6) - [ 0 - a - ^ g lu c o p y r a n o s y l - ( l—y  3)]-Oy(i-D-gluco- 
p y ra n o s y l- (  1—»  6 ) -0 -a -D -g lu c o p y ra n o s y l- ( l—> 6) -D -g lu co se  (XL) .
-•^ (3 - ^ 0
(XL)
The s m a l le s t  l i m i t  d e x t r in  produced hy th e  a c t io n  o f 
p .  fun icu losum  d e x tra n a se  on a  "branched d e x tra n  ( e .g .  one c o n ta in in g  
a - ( l  ► 3 )  l i n k a g e s )  . would he th e  te t r a s a c c h a r id e  0 -a-D -g lu co p y ran o sy l-
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( "1“ ^  3) -O—a—^ g lu c o p y ra n o s y l—( 1—> 6) -0 —a-D -g lu co p y ran o sy l—( 1—^  6) 
B -g lu co se  (X L l)•
(XLI)
The r e s i s t a n c e  o f  th e s e  l in k a g e s  to  a t t a c k  hy  th e  fu n g a l d e x tra n a se s , 
how ever, i s  n o t t o t a l  and in c u b a tio n  o f  th e  l im i t  d e x t r in s  w ith  th e  
enzymes f o r  ex tended  p e r io d s  w i l l  p roduce f u r th e r  h y d r o ly s is .
I f  th e  p ro d u c ts  o f  th e  h y d ro ly s is  hy P . l i la c in u m  d e x tra n a se  o f a  
b ran ch ed  d e x tra n  ( c o n ta in in g  a - ( î —^ 3 )  l in k a g e s  a s  th e  s o le  
s e c o n d a ry  l in k a g e s ) in c lu d e  th e  te t r a s a c c h a r id e  (XLl) i t  fo llo w s  th a t  
th e  p o ly s a c c h a r id e  must c o n ta in  a  s t r u c t u r e  o f  th e  ty p e  re p re s e n te d  
hy  s t r u c t u r e  (XLIl) in  which a - ( l —^ 3 )  lin k a g e s  o ccu r a t  non-b ranch  
p o in t s  in  th e  p o ly s a c c h a r id e  s t r u c t u r e .
(XLII)
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The en d o d ex tran ase  o f  P . l i la c in u m  was p rep a red  a s  d e s c r ib e d  in  
s e c t io n  VE 10. Q u a l i ta t iv e  d ig e s t s  were p re p a re d , one c o n ta in in g  
GS—5 B p o ly s a c c h a r id e , one c o n ta in in g  th e  v i r t u a l l y  unbranched 
b o v is  s t r a i n  I  d e x tra n  and one, th e  re a g e n t b la n k , c o n ta in in g  
enzyme and b u f f e r  b u t no p o ly sa c c h a r id e  (VIA 14) •
A f te r  d e io n is a t io n  and c o n c e n tra t io n  th e  hydro ly s a t e s  were 
s u b je c te d  to  p a p e r chrom atography in  s o lv e n t (a) • The re a g e n t 
b la n k  c o n ta in e d  no o l ig o s a c c h a r id e s .  The chrom atograph ic  
p r o p e r t i e s  o f  some o f  th e  p ro d u c ts  o f th e  h y d ro ly se s  a re  shown in  
t a b l e s  VI 16 and VI 17* The degree  o f  p o ly m e r is a tio n  o f each 
component was e s tim a te d  by  com parison w ith  s ta n d a rd  compounds ru n  on 
th e  same p a p e r .
These r e s u l t s  show th a t  te t r a s a c c h a r id e  (XLl) i s  ab sen t from 
th e  enzymic h y d ro ly s a te  o f  GS-5 B p o ly s a c c h a r id e  in d ic a t in g  th a t  a l l  
th e  se co n d a ry  ( a - ( l — 3)) l in k a g e s  in  GS-5 B p o ly sa c c h a r id e  occur a s  
b ra n c h  p o in t s .  T his f in d in g  i s  in  agreem ent w ith  p re v io u s  r e s u l t s  
( lIB  5) w hich show th a t  1 ,5 ,6 - t r i - 0 - a c e ty l - 2 ,3 ,4 - t r i - 0 - m e th y l - D -  
g l u c i t o l  i s  th e  o n ly  t r i - 0 —m e th y l-g lu c i to l  p re s e n t  in  th e  a c e ty la te d ,  
red u ce d , h y d ro ly se d  p ro d u c t o f  th e  m é th y la tio n  o f  GS-5 B p o ly ­
s a c c h a r id e .
A la r g e  s c a le  enzymic h y d ro ly s is  o f  GS-5 B p o ly sa c c h a r id e  was 
p re p a re d  a s  d e s c r ib e d  (VIA 14) and th e  p rod u c t was s u b je c te d  to  
p r e p a r a t iv e  p ap e r chrom atography in  s o lv e n t ( c ) . The o l ig o ­
s a c c h a r id e s  h a v in g  a  d eg ree  o f  p o ly m e ris a tio n  > 3 were e lu te d  from 
th e  p a p e r and p u r i f i e d  by  rech rom atography  in  so lv e n t (c) . The 
y i e ld  o f  each  component was d e te rm in ed , and th e  compounds were 
s e p a r a t e ly  s u b je c te d  to  f u r th e r  p ap e r chrom atography in  so lv e n t (c) .
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Fig. 11 22 The P. lilacinium dextranase digest of GS-5 B polysaccharide 
Preparative paper chroinatography of the products of a large scale 
digest. Plot of versus degree of polymerisation
2ft
2-0
M^^ iogd
Degree of polymerisation
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The y ie ld  o f  each component and i t s  R v a lu e  i s  shown in  
t a b l e  VI 18. The ^  v a lu e  f o r  each component was de term ined  by  
e x t r a p o la t io n .
The ^  v a lu e  o f  each component was p lo t te d  a g a in s t  i t s  
e s tim a te d  deg ree  o f  p o ly m e r is a tio n  ( f ig u r e  I I  22) •
E xam ination  o f  f ig u r e  I I  22 shows th a t  th e  o lig o sa c c h a r id e s  do no t 
form  a  s in g le  homologous s e r i e s .  Compounds 24, 25 and 26 do ap p ea r 
to  form  a  homologous s e r i e s ,  th e  s e r i e s  b e in g  ascended  by th e  
a d d i t io n  o f  a  s in g le  a -( l" —» 6) - l in k e d  D -glucopyranose u n it#
A ll  th e  seco n d ary  l in k a g e s  in  GS-5 B p o ly sa c c h a r id e  o ccu r a t  b ranch  . 
p o in t s ,  a s  shown by  m é th y la tio n  s tu d ie s  ( lIB  5) and by th e  absence 
o f  t e t r a s a c c h a r id e  (X Ll)from  th e  P . li la c in u m  hydro ly s a t e  o f GS-5 B 
p o ly s a c c h a r id e .  C o n sid e rin g  th e  mode o f  a c t io n  o f th e  enzyme 
( f ig u r e  I I  20) , th e  o n ly  p o s s ib le  s t r u c tu r e  o f th e  p e n ta sa c c h a r id e , 
compound 24, i s  a s  shown in  s t r u c t u r e  (XL) . Thus, component 24 
c o n ta in s  o n ly  a  s in g le t t - ( l “ ^  3) g lu c o s id ic  lin k a g e  and as  compounds 
25 and 26 a r e  members o f  th e  same homologous s e r ie s  ( f ig u r e  I I  22) 
i t  fo llo w s  t h a t  th e y  must a l s o  c o n ta in  a  s in g le  a - ( l —^  3) l in k a g e  
o n ly .
The n o n a sa c c h a rid e , compound 28, in  th e  P . l i la c in u m  d e x tra n a se  
h y d ro ly s a te  o f  GS-5 B p o ly sa c c h a r id e  must c o n ta in  a t  l e a s t  two 
seco n d a ry  l in k a g e s  s in c e  i t  i s  im p o ss ib le  to  c o n s tru c t  a  nono­
s a c c h a r id e  s t r u c t u r e  c o n ta in in g  a  s in g le  secondary  lin k a g e  which 
does n o t a l s o  c o n ta in  a  h y d ro ly sa b le  iso m a lto sy l u n i t .  F u rth erm o re , 
compound 28, i s  n o t a  member o f  th e  homologous s e r i e s  th a t  c o n ta in  
compound 24, w hich p o sse sse s  a  s in g le  secondary  l in k a g e .
Of th e  p o s s ib le  s t r u c tu r e s  o f  th e  hon iasaccharide , compound 28, 
t h e  one w hich h as  th e  maximum number o f  D—glucopyranose  u n i t s  betw een 
th e  two b ran ch  p o in ts  i s  t h a t  shown in  f ig u r e  I I  23 i^i which two ■
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F ig u re  I I  23 The P . l i la c in u m  d e x tra n a se  h y d ro ly s is  o f  GS-5 B
p o ly s a c c h a r id e  -  Component 28 -  P o s s ib le  s t r u c tu r e
Ô Ô
D -g lu co p y ran o sy l u n i t s  l in k e d  th ro u g h  p o s i t io n s  1, 3 and 6 a re  
s e p a ra te d  by  two a - ( l —^ 6 ) - l in k e d  D -g lucopyranosy l u n i t s .
Thus, in  th e  GS-5 B p o ly sa c c h a r id e  th e r e  a r e  a  s ig n i f i c a n t  
number o f  b ran ch e s  t h a t  a r e  s e p a ra te d  by two o r  l e s s  con tiguous 
a—( 1—^ 6 ) - l i n k e d  P -g lu co p y ran o se  u n i t s .  A q u a n t i t a t iv e  
P . l i la c in u m  d e x tra n a se  d ig e s t  o f  GS-5 B p o ly sa c c h a r id e  was p rep a red  
a s  d e s c r ib e d  (VIA 14 (b ))  and sam ples were ta k e n  p e r io d i c a l ly  and 
s u b je c te d  to  th e  lî’e lso n  t e s t  f o r  re d u c in g  su g a rs  (VD 3) •
A s ta n d a r d ' d e x tra n  T 40 (a  p a r t i a l ly - d e g r a d e d  L euconostoc 
m e se n te ro id e s  MRL B-512 d e x tra n  c o n ta in in g  c .5^  o f  a - ( l —^ 3 )  
lin k a g e s )  (Sigma B iochem icals  L td .)  was s im i la r l y  h y d ro ly sed  f o r  
com parison  p u rp o se s .
The r e s u l t s  a r e  shown in  f ig u r e  I I  24» The r e s u l t s  have 
been  c o r r e c te d  f o r  th e  c a rb o h y d ra te  co n ten t o f  th e  GS-5 B p o ly ­
s a c c h a r id e  ( t a b le  I I  2) .
I t  w i l l  be n o te d , by exam ination  o f  f ig u r e  I I  2 4 ,th a t  th e  
enzym ic d e g ra d a tio n  o f  GS-5 B p o ly sa c c h a r id e  i s  com plete a f t e r  10 h . 
S in ce  th e  q u a n t i t a t iv e  d ig e s t s  were in c u b a ted  a t  37°C f o r  48 h , i t  
fo llo w s  th a t  th e  enzymic d e g ra d a tio n  must have been  com plete .
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H ence, th e  ïp n a s a c c h a r id e , compound 28, ( ta b le  VI 18) i s  a  t r u e  
l i m i t  d e x t r in  and no t th e  r e s u l t  o f  incom plete  enzymic h y d ro ly s is*  
The e x te n t o f  d e g ra d a tio n  o f  th e  p o ly sa c c h a rid e  (c 1 2 ^
( f ig u r e  I I  24) and th e  f a c t  t h a t  th e  m ajor p ro d u c t i s  iso m a lto se  
i s  in d ic a t iv e  o f  a  r e l a t i v e l y  complex p o ly sa c c h a rid e  s t r u c t u r e .
I f  th e  b ran ch es each c o n s is te d  o f  a  s in g le  D -g lucopyranosy l 
u n i t  and i f  th e s e  b ran ch es  o ccu rred  r e g u la r ly  on each f i f t h  
D -g lu co p y ran o sy l u n i t  ( f ig u r e  I I  12) i t  would n o t be p o s s ib le  to  
remove an  is o m a lto s y l u n i t  from th e  p o ly sa c c h a rid e  s t r u c tu r e  w ith o u t 
c le a v in g  a  r e s i s t a n t  l in k a g e .
I f  how ever some b ran ch es  a re  a t ta c h e d  to  D -g lucopyranosy l 
u n i t s  s e p a ra te d  by  l e s s  th a n ,f o u r  a ( l —» 6 )- l in k e d  D -g lucopyranosy l 
u n i t s ,  w h ils t  o th e r  p o r t io n s  o f  th e  ch a in  have sequences o f f iv e  
o r  more co n tig u o u s  a - ( l —> 6 ) - l in k e d  D -g lucopyranosy l u n i t s , i t  i s  
p o s s ib le  t h a t  a  d i s t r i b u t i o n  o f  p ro d u c ts  and a  degree  o f d e g ra d a tio n  
o f  GS-5 B p o ly s a c c h a r id e , s im i la r  to  th a t  re p o r te d , w i l l  be o b ta in e d .
These f in d in g s  a r e  in  agreem ent w ith  th e  p re sen ce  in  th e  
P . l i la c in u m  d e x tra n a se  d ig e s t  o f  GS-5 B p o ly sa c c h a rid e  o f  a 
n o n o sacch a rid e  (se e  p o s s ib le  s t r u c t u r e ,  f ig u r e  I I  23) which im p lie s  
t h a t  some b ran ch es in  GS-5 B p o ly sa c c h a r id e  a re  a t ta c h e d  to  
D—glucopyx 'anosyl u n i t s  s e p a ra te d  by two o r  l e s s  con tiguous 
a - ( l —>“6 ) - l in k e d  D -g lucopyranosy l u n i t s .
IIB  9 A ttem pted  f r a c t io n a t io n  and m o lecu la r w eight d e te rm in a tio n  of 
GS-5 B p o ly s a c c h a r id e  by g e l perm eation  chrom atography 
In  g e l p e rm eatio n  chrom atography a  column packed, u s u a l ly  w ith  
p a r t i c l e s  o f  a  c ro s s - l in k e d  d e x tra n  [Sephadex, Pharm acia (G .B ,)]  o r  a
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s im i l a r  m a te r ia l ,  i s  u sed  to  ach iev e  s e p a ra t io n s  "between components 
o f  d i f f e r e n t  m o le c u la r  d im en sio n s^^^ . The method has been  u sed  f o r  
d e s a l t i n g  and exchanging  th e  s a l t  medium o f  c o l l o i d s a n d  f o r  
s e p a r a t io n  and f r a c t i o n a t io n  o f  m ix tu res  o f  p r o te in s ,  p e p t id e s ,  
amino a c id s  and d e x tra n s ^ ^ ^ '^ ^ ^ '^ ^ ^ .
The s e p a i '^ tio n  p r im a r i ly  depends upon th e  s i z e  o f  th e  m olecu les
439a l th o u g h  a d s o rp t io n  phenomena do som etim es o ccu r • The r e s u l t s  
t h a t  a r e  most e a s i l y  in t e r p r e te d  a re  th o s e  o b ta in e d  w ith  uncharged  
m o le c u le s^ ^ ^ , and  o l ig o s a c c h a r id e s ,  d e r iv e d  from  c e l lu lo s e ,  which 
d i f f e r  in  s i z e  b y  o n ly  a  s in g le  ^ g lu c o p y ra n o s y l  u n i t  have been  
s e p a ra te d  by  g e l p e rm ea tio n  chrom âtography^"^*^.
F r a c t io n a t io n  o f  low m o lecu la r w eigh t dextran^'^'^ and th e  
s e p a r a t io n  o f  d e x tra n s  w ith  w eigh t av erag e  m o lecu la r w eig h ts  ra n g in g  
from  = 3 ,400  to  = 4 1 , 000^^2 been  r e p o r te d .
The m o le c u la r  w eigh t d i s t r i b u t i o n  o f  a  p o ly sa c c h a r id e  can be 
i l l u s t r a t e d  by  means o f  an  e lu t io n  d iag ram . As can be ex pec ted  
from  th e  s ie v e  mechanism, m olecu les a re  p r o g r e s s iv e ly  more r e ta rd e d  
w ith  d e c re a s in g  s i z e ,  v e ry  la rg e  m olecu les b e in g  t o t a l l y  exc luded  
from  th e  g e l .
By c a r e f u l  c a l i b r a t i o n  o f  a  g e l column u s in g  s ta n d a rd  n e u t r a l  
p o ly s a c c h a r id e s  o f  known m o lecu la r w e ig h ts , i t  i s  p o s s ib le  to  
p ro d u ce  an  e l u t io n  diagram  in  w hich th e  a b s c is s a  i s  a  l i n e a r  s c a le .  
F u rth e rm o re , th e  u se  o f  th e  p a r t i t i o n  c o e f f i c i e n t ,  K, o f  a  p a r t i c u l a r  
f r a c t i o n  d e f in e d  by  th e  e q u a tio n
K = Ve -  Vo
Vt -  Vo where Ve = e lu t io n  volume
Vo = v o id  volume 
Vt = bed volume
(VA 7 (d ))
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e l im in a te s  th e  e f f e c t s  o f  g e l bed com paction and column 
c h a r a c t e r i s t i c s .
Gel columns o f  Sepharose 6B and Sepharose 2B (VA 6 (a ))  and 
Sephadex G—200 and Sephadex G—100 (VA 6 (b )) were prepared as 
d e s c r ib e d ,  u s in g  Pharm acia KI5/ 9O colum ns.
E x p erim en ta l d e t a i l s  o f  th e  p ro ced u res  employed a r e  g iv en  
in  s e c t io n  VTA 15»
I n i t i a l  s tu d ie s  in d ic a te d  th a t  GS-5 B p o ly sa c c h a r id e  was 
p o o r ly  re s o lv e d  on th e  Sepharose g e ls  and was l a r g e ly  excluded  
from  Sephadex G—100, Good r e s o lu t io n  was however ach iev ed  on
Sephadex G-200,
The Sephadex G—200 column was c a l ib r a t e d  u s in g  a  s e r i e s  o f  
s ta n d a rd  d e x tra n s  o f  known m o lecu la r w e ig h t. U sing t h i s  
in fo rm a tio n  a  p lo t  o f K, th e  p a r t i t i o n  c o G if ic ie n t  betw een th e  l i q u id  
p h ase  and th e  g e l p h ase , v e rsu s  th e  lo g  o f  each d e x tra n  was . 
c o n s tru c te d  ( f ig u r e  VI 15) •
The r e s u l t s  o b ta in e d  by  s u b je c t in g  GS-5 B p o ly sa c c h a r id e  to  g e l 
p e rm e a tio n  chrom atography on Sephadex G-200 a re  ta b u la te d  ( ta b le  VI 
19) .  From th e  e lu t io n  volume o f  each f r a c t i o n ,  th e  p a r t i t i o n  
c o e f f i c i e n t ,  K, was c a lc u la te d .  By re fe re n c e  to  f ig u r e  VI 15, th e  
m o le c u la r  w eigh t o f  each o f  th e  f r a c t io n s  was d e term ined  and a  p lo t  
o f  ab so rb an ce  v e rsu s  m o lecu la r w eight was c o n s tru c te d  ( f ig u r e  I I  25) .
The w eigh t av erag e  m o lecu la r w e ig h t, o f  GS-5 B p o ly sa c c h a r id e , 
c a lc u la te d  from  f ig u r e  I I  25, i s  4 9 ,^0 0 .
T his i s  o f  th e  same o rd e r  o f  m agnitude a s  th e  m o lecu la r w eigh ts  
d e te rm in e d  by  Ceska ^  f o r  two g lucans sy n th e s is e d  u s in g  p u r i f i e d
g lu c o s y l t r a n s f e r a s e s  from mutans OMZ M S ,  The m o lecu la r w eig h ts
I l l
o f  th e s e  two p o ly s a c c h a r id e s  were found to  he 24,000 and 70 ,000 , hy 
l i g h t  s c a t t e r i n g  m ethods.
In s p e c t io n  o f  f ig u r e  I I  25 shows th a t  GS-5 B p o ly sa c c h a rid e  i s  
p o ly d is p e r s e d  and a  h ig h  c o n c e n tra t io n  o f  m a te r ia l  w ith  a  r e l a t i v e l y  
low  m o le c u la r  w eigh t (m^  = ap p ro x . 10,000) can he n o te d .
T his phenomena was f u r th e r  d em onstra ted  hy  s u b je c t in g  f u r th e r  
sam ples o f  GS-5 B p o ly sa c c h a r id e  to  g e l p e rm ea tio n  chrom atography on 
Sephadex G-200 and by  s u b je c t in g  a  sample o f  GS-5 B p o ly s a c c h a r id e  to  
u l t r a c e n t r i f u g a t i o n  on a  Spinco U lt r a c e n tr i fu g e  Model E (VIA 15 ( c ) ) .  
A gain , an  uneven m o lecu la r w eight d i s t r i b u t i o n  was n o te d  w ith  a  h ig h  
c o n c e n tr a t io n  o f  m a te r ia l  o f  low m o lecu la r w e ig h t. This i s  
p a r t i c u l a r l y  ap p a re n t in  th e  fram e ta k e n  28 m inu tes a f t e r  th e  
b e g in n in g  o f  th e  ru n  ( f ig u r e  I I  26) .
I n  o rd e r  to  in v e s t ig a te  t h i s  a p p a re n t inhom ogeneity , GS-5 B 
p o ly s a c c h a r id e  was s u b je c te d  to  p r e p a ra t iv e  g e l p e rm eatio n  chrom ato­
g rap h y  (v ia  15 ( d ) ) .  The e lu t io n  diagram  i s  shown in  f ig u r e  I I  27.
Tubes 35 to  65 were combined (F ra c tio n  l )  and Tubes 66 to  100 
w ere com bined (F ra c t io n  I I ) .
The two f r a c t io n s  were f r e e z e - d r ie d ,  and d r ie d  m  vacuo over 
phosphorus p e n to x id e . The y ie ld s  were reco rd ed  and th e  f ru c to s e  
c o n te n ts  were d e te rm in ed  (VD 5) • The r e s u l t s  a re  ta b u la te d  in  
t a b l e  I I  12.
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T ab le  I I  12 P re p a ra t iv e  ^ e l p erm eation  chrom atography o f GS-5 B 
p o ly sa c c h a r id e  — y ie ld s  and f ru c to s e  c o n te n ts  o f 
F ra c t io n  I  and F ra c t io n  I I
Y ie ld F ru c to seComponent mg from 5^0 mg o f  p o ly ­ cont en t
sa c c h a rid e I0
F ra c t io n  I 250 2 .8 9 ^
F r a c t io n  I I 152 0 .8 ^
I f  we c o n s id e r  t h a t  a l l  th e  f r u c to s e  p re s e n t in  th e  p o ly sa c c h a rid e  
f r a c t i o n s  i s  d e r iv e d  from su c ro se  u n i t s  te rm in a t in g  d e x tra n  c h a in s , 
we would expec t th e  p e rce n tag e  o f  f ru c to s e  in  f r a c t i o n  I I  to  he 
g r e a t e r  th a n  th a t  in  f r a c t io n  I .
E xam ination  o f  t a b le  I I  12 shows th e  f r u c to s e  co n ten t o f 
f r a c t i o n  I  to  be g r e a te r  th a n  th a t  o f  f r a c t i o n  I I .  Thus a l l  th e  
f r u c to s e  cannot be p re s e n t  in  such s t r u c t u r a l  u n i t s ,
F u rth e rm o re , m o lecu la r w eigh ts de term ined  from th e  in fo rm a tio n  in  
t a b l e  I I  12, assum ing a l l  th e  f ru c to s e  to  be p re s e n t  in  te rm in a t in g  
s u c ro s e  u n i t s ,  a re  n o t in  agreem ent w ith  th o se  o b ta in e d  from g e l
p e rm e a tio n  chrom atography.
The low m o lecu la r w eight m a te r ia l  d e te c te d  by g e l perm eation  
ch rom atography  o f GS-5 ® p o ly sa c c h a rid e  co u ld  nave th r e e  p o s s ib le  
o r i g i n s .  I t  cou ld  re p re s e n t  a  m o lecu la r sp e c ie s  c o n ta in in g  o th e r  
th a n  g lu c o se  u n i t s .  S ince i t  has been d em onstra ted  th a t  GS—5 B 
p o ly s a c c h a r id e  c o n ta in s  2 .5 ^  o f f ru c to s e ,  t h i s  m a te r ia l  cou ld  be a 
low m o le c u la r  w eigh t f  ru e  ta n  o r f ru c to s e -c o n ta in in g  polym er.
C o n v erse ly  i t  cou ld  re p re s e n t  a g lu can  in  which th e  D -g lucopyranosy l 
u n i t s  a r e  l in k e d  d i f f e r e n t l y  from th o se  in  th e  h u lk  o f  GS-5 B
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F in a l ly ,  t h i s  low m o lecu la r w eight m a te r ia l  may re p re s e n t  
m a te r ia l  e s s e n t i a l l y  s im i la r  to  th a t  o f  th e  h u lk  o f  GS-5 B p o ly sa c c h a r id e  
h u t p o s s e s s in g  a  low er m o lecu la r w eig h t, t h i s  b e in g  produced by
ih e  mode o f  a c t io n  o f  th e 's y n th e s i s in g  enzyme.
The f r u c to s e  c o n te n ts  o f  th e  two f r a c t io n s  ( ta b le  I I  12) shows 
f r a c t i o n  I I  to  have a  c o n s id e ra b ly  low er f ru c to s e  co n ten t th a n  
f r a c t i o n  I .  T his su g g e s ts  th a t  f r a c t io n  I I  cannot be a  f r u c to s e -  
c o n ta in in g  polym er b u t th a t  th e  f ru c to s e  would ap p ea r to  form  p a r t  
o r  th e  w hole o f  a  r e l a t i v e l y  h ig h  m o lecu la r w eight po lym er.
H y d ro ly s is  o f  bo th  f r a c t io n s  w ith  th e  d e x tra n a se  o f  P. l i la c in u m  
p ro d u ces  th e  same p a t t e r n  o f  p ro d u c ts  ( t a b le  VI 20) in d ic a t in g  th a t  
b o th  f r a c t i o n s  p o sse ss  a  branched s t r u c t u r e .
M é th y la tio n  a n a ly se s  o f  f r a c t i o n  I  and f r a c t io n  I I  were 
perfo rm ed  a s  d e s c r ib e d  (VIA 15 ( d ) ) . The g . l . c .  t r a c e s  o b ta in e d  
a r e  i l l u s t r a t e d  in  f ig u re s  VI 16 and VI 17. The mass s p e c tr a  o f  th e  
a l d i t o l  a c e ta t e  peaks a re  shown in  f ig u re s  VI 18 to  VI 23.
A sam ple o f  g lu co se  s im i la r ly  t r e a te d  was used  to  id e n t i f y  any 
s p u r io u s  peaks a r i s i n g  from th e  re a g e n ts  employed.
The m olar p ro p o r tio n s  o f th e  p ro d u c ts  o f  th e  m é th y la tio n  a n a ly s is  
a r e  shown in  t a b le  I I  13.
T ab le  I I  13 The g e l perm eation  chrom atography o f GS-5 B p o ly -
s a c c h a r id e  -  The m é th y la tio n  o f  F ra c tio n s  I  and I I  -  
m olar p ro p o r tio n s  o f  th e  a c e ty la te d  m ethyl a l d i t o l s
P a r t i a l l y  a c e ty la te d  m ethyl a l d i t o l F ra c t io n  I  m olar p ro p o r tio n
F ra c t io n  I I  
m olar p ro o o r tio n
1 » 5 - d i - 0 - a c e ty l - 2 ,3 » 4 » 6 - te t r a - 0 -  
m e th y l-D -g lu c i to l*
16 .9^ 16.6^
1 i 5 j 6 - t r i - 0 - a c e t y l - 2 , 3 » 4 - t r i - 0 -  
D ie th y l-D -g lu c ito l*
66»Ofo 66,1%
1 , 3 , 5 , 6 - t  e t r a - O - a c e ty l - 2 , 4-di-O  
ID e t  hy  1-D -g l u c i  t*o 1 *
'[6,6%o
* The f ra g m e n ta tio n  p a t te r n s  o f  th e  p a r t i a l l y  a c e ty la te d  m ethyl
a l d i t o l s  and th e  o r ig in s  o f  th e se  compounds a re  i l l u s t r a t e d  in  f ig u r e s  
I I  3 -  I I  5 and I I  7 -  I I  11. .
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E xam ination  o f  th e s e  r e s u l t s  shows th a t  f r a c t i o n  I  i s  e s s e n t i a l l y
s im i l a r  to  f r a c t i o n  I I  and "both f r a c t io n s  have m é th y la tio n  p ro d u c ts
s im i la r  to  th o s e  o f  GS—5 B p o ly sa c c h a r id e .
Thus, i t  ap p ea rs  t h a t  th e  low m o lecu la r w eight m a te r ia l  observed
on g e l p erm ea tio n  chrom atography and u l t r a c e n t r i f u g a t i o n  o f  GS-5 B
p o ly s a c c h a r id e  i s  s t r u c t u r a l l y  s im i la r  to  th e  h u lk  o f  GS-5 B
p o ly s a c c h a r id e  and d i f f e r s  o n ly  in  m o lecu la r s i z e .  I t  i s  presumed to
h e  a  p ro d u c t o f  th e  mode o f  a c t io n  o f  th e  g lu c a n -s y n th e s is in g  enzyme
system  o f  _S. mut ans GS-5.
D im ethy lsu lphox ide  (d .m .s .o .)  a t  e le v a te d  te m p e ra tu re s  i s
r e p o r te d  to  degrade d e x tra n  m o lecu le s. In  o rd e r  to  in v e s t ig a te  th e
p o s s ib le  d e g ra d a tio n  o f GS-5 B p o ly sa c c h a rid e  under c o n d itio n s
s im i l a r  to  th o s e  used  f o r  th e  m é th y la tio n  p ro ced u re  a  sam ple o f  th e  
was
p o ly s a c c h a r id e ^ tr e a te d  w ith  d .m .s .o .  as  d e sc r ib e d  (VIA 15 (© ))•
The e lu t io n  diagram  o f  th e  d .m .s .o . - t r e a te d  GS-5 B p o ly sa c c h a r id e  
i s  shovm in  f ig u r e  I I  25 . E xam ination o f  f ig u r e  I I  25 i l l u s t r a t e s  
t h a t  no a p p re c ia b le  d ec re a se  in  m o lecu la r w eigh t had o ccu rred  on 
t r e a t i n g  GS-5 B p o ly sa c c h a r id e  w ith  d .m .s .o .
H E  10 I n v e s t ig a t io n  o f  th e  -po lysaccharide s t r u c tu r e  in  th e  re g io n  
o f  th e  b ran ch  p o in ts  by th e  m ild  a c id  h y d ro ly s is  o f GS-5 B 
p o ly sa c c h a r id e
re p o r te d  t h a t ,  when s ta r c h  was su b je c te d  to  a c id  
h y d r o ly s is  u n d er v e ry  m ild  c o n d itio n s , g lu c o se , r e s u l t i n g  from th e  
b re a k in g  o f  te rm in a l  g lu c o s id ic  lin k a g e s  in  th e  m olecu le , was th e  
s o le  p ro d u c t .
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Sidebotham  e t  a l  in  an a ttem p t to  debranch  L euconostoc 
m e se n te ro id e s  HRRL B—1299 S d e x tra n , in  o rd e r  to  re n d e r  i t  open to  
a t t a c k  b y  P . l i la c in n m  de x tra n a s e . succeeded in  p ro d u c in g  s t r u c tu r e s  
c o n ta in in g  a - ( l “ ^ 2 )- l in k e d  D -g lucopyranosy l u n i t s  o c c u r r in g  a t  n on - 
b ra n c h  p o in ts  in  th e  p o ly sa c c h a rid e  s t r u c tu r e  (L X III ) . The 
o c c u rre n c e  o f  such s t r u c t u r a l  u n i t s  was in d ic a te d  by  th e  p re sen ce  
o f  a  te t r a s a o o h a r id e  (LXIV) in  th e  P .  l i la c in u m  d ig e s t .
Q—O—
^ 0 — 0
(l x i i i )
o—o—Or
Ô
(LXIV)
F u r th e r  ev idence  f o r  th e  above r e a c t io n  was l a t e r  p ro v id ed  by 
m e th y la t io iv s tu d ie s  on th e  m ild  hydrolysate*^ ' .
From th e s e  s tu d ie s  i t  was su g g es ted  th a t  L» m esent e ro id e s  
NRRL B-1299 S d e x tra n  c o n ta in s  a  s t r u c t u r a l  segment p o s se s s in g  a  
D -g lu o o se  u n i t  l in k e d  th rough  p o s i t io n s  1 ,2  and 6 whence th e  main 
c h a in  i s  c o n tin u e d  th ro u g h  p o s i t io n s  1 and 2 and th e  b ran ch  c o n s is ts
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o f  a  D -g lu co p y ran o sy l u n i t  (o r  u n i t s )  a t ta c h e d  th rough  p o s i t io n  6 
(LXV) .
CHO+-(>-k>4^
■^O-rO
(LX?)
I t  was p ro p o sed  to  in v e s t ig a te  th e  s t r u c tu r e  o f  GS-5 B p o ly sa c c h a r id e  
in  th e  re g io n  o f  th e  b ranch  p o in ts  by th e  a p p l ic a t io n  o f  a  s im i la r  
p ro c e d u re .
I t  was n o te d  ( lIB  1 (b)) th a t  th e  p ro d u c ts  o f  th e  m ild  
h y d r o ly s is  o f  GS-5 B p o ly sa c c h a r id e  under th e  optimum c o n d itio n s  
f o r  th e  p ro d u c tio n  o f  f ru c to s e  were f ru c to s e  and g lu c o se  o n ly .
No o l ig o s a c c h a r id e s  were d e te c te d  in  th e  hydro ly s a te  ( ta b le  VI 2) .
R e p e t i t io n  o f  Experim ent VIA. 3, om m itting th e  e th a n o l 
p r e c i p i t a t i o n  s te p  gave f ru c to s e  and g lu co se  as th e  o n ly  low 
m o le c u la r  v /e ight p ro d u c ts , in d ic a t in g  th a t  o lig o s a c c h a r id e s  were no t 
b e in g  produced  in  s ig n i f i c a n t  q u a n t i t i e s  and su b se q u e n tly  removed 
in  th e  e th a n o l p r e c i p i t a t i o n  s te p .
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I t  was d ec id ed  to  conduct th e  experim ent i n i t i a l l y  on a  25 mg 
sam ple o f  th e  p o ly sa c c h a r id e  f o r  an u n lim ite d  le n g th  o f  tim e , m o n ito rin g  
th e  p ro d u c tio n  o f  re d u c in g  su g a rs  (VD 3) and g lu co se  VD 4 ( a ) ) .  The 
r e s u l t s  a re  shown in  f ig u r e  I I  28.
E x am ination  o f  f ig u r e  I I  28 shows th a t  g lu co se  i s  r e le a s e d  in to  
th e  d ig e s t  i n i t i a l l y  a t  a  s te a d y  r a t e  o f a p p ro x im a te ly  0 .025  mg p e r  
h o u r .  A f te r  ah out 75 hours th e  r a t e  o f  r e le a s e  o f f r e e  g lu c o se  in to
s o lu t i o n  b e g in s  to  in c re a s e  u n t i l  a  r a t e  o f  0 .1  mg p e r  ho u r i s
a t t a i n e d .
T h is  co u ld  su g g est t h a t ,  in  th e  i n i t i a l  s ta g e s ,  g lu c o se  i s  b e in g  
r e le a s e d  from  th e  te rm in a l p o s i t io n s  o f  th e  d e x tra n  m olecule  b u t a f t e r  
ab o u t 75 h o u rs  more e x te n s iv e  h y d ro ly s is  o f  th e  p o ly s a c c h a r id e  occu rs
and more g lu c o se  i s  r e le a s e d .
E xam ination  o f  th e  red u c in g  su g ars  curve shows a  b ro a d ly  s im i la r  
p a t t e r n .  There is^how ever, an  i n i t i a l  h ig h  r e le a s e  o f  re d u c in g  su g ars  
fo llo w e d  by  a  f a i r l y  sh a rp  f a l l .  T his f e a tu r e  i s  a t t r i b u t e d  to  th e  
r e l e a s e  and d e g ra d a tio n  o f  f r u c to s e .
R e le a se  o f  re d u c in g  su g ars  th e n  p roceeds a t  a  r a t e  o f  0 .025  mg 
p e r  h o u r u n t i l  a f t e r  75 h ou rs a  more r a p id  r e le a s e  o f  re d u c in g  su g a rs  
i s  d e t e c te d .
E x am in a tio n , by p ap e r chrom atography in  so lv e n t (a) o f  th e  d ig e s t  
in  th e  i n i t i a l  p e r io d  shows f ru c to s e  and g lu co se  o n ly  to  be p r e s e n t ,  
w hereas ex am in a tio n  in  th e  l a t e r  s ta g e s  shows th e  p re sen ce  o f  o l ig o ­
s a c c h a r id e s  .
The experim en t was re p e a te d  bu t was te rm in a te d  a f t e r  75 h o u rs .
I t  was judged  th a t  a f t e r  t h i s  p e r io d  o f  tim e a l l  th e  te rm in a l g lu co se
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^ i t s  would have been  removed b u t e x te n s iv e  d e g ra d a tio n  o f  th e  p o ly ­
s a c c h a r id e  would n o t have o c c u rre d .
P ap er chrom atography in  s o lv e n t (a) showed g lu o o se  and f r u c to s e  
( t r a c e )  to  be th e  o n ly  low m o lecu la r w eigh t s p e c ie s  p r e s e n t .
Gel p e rm ea tio n  chrom atography o f  th e  m ild  h y d ro ly s a te  on 
Sephadex G—200 in d ic a te d  th a t  th e  degraded  p o ly sa c c h a r id e  had a  
m o le c u la r  w eigh t = 29 ,0 0 0 . ( c f .  o r ig in a l  p o ly sa c c h a r id e  = 
49, 600) .
A p p lic a t io n  o f  th e  m é th y la tio n  p ro ced u re  w ith  th e  subsequen t 
h y d r o ly s i s ,  r e d u c t io n  and a c é ty la t io n  o f  th e  p ro d u c t (VIA 16 (b )) 
p ro d u ced  two p a r t i a l l y  a c e ty la te d  m ethyl a l d i t o l s .
The m olar p ro p o r tio n s  o f  th e  two p ro d u c ts  a re  shown in  t a b le  I I  
14 and th e  g . l . c .  t r a c e  and mass s p e c tr a  in  f ig u r e s  VI ^^ 5 to  VI 27 .
p o ly sa c c h a r id e
P a r t i a l l y  a c e ty la te d  m ethyl a l d i t o l T-TMG M olar p ro p o r tio n
1 » 5 ~ d i- 0 - a c e ty l - 2 ,3 , 4 , 6 - te tra -O -m e th y l-  
P - g l u c i t o l  *
1.00 3 .0 ^
1 15 , 6 - t r i - 0 ~ a c e ty l - 2 ,3 ,4 - t r i - O - m e th y l -  
D - g lu c i to l  *
2 .10 97.0%
* The f ra g m e n ta tio n  p a t te r n s  under e le c t r o n  im pact and th e  o r ig in s  
o f  th e s e  p a r t i a l l y  a c e ty la te d  m ethyl a l d i t o l s  a re  shown in  f ig u r e s  I I  3 
5 , I I  7 , I I  8 and I I  9 .
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The p re se n c e  o f  th e  2 , 3 |4 “t r i - 0 —m ethyl—D—g lu c i to l  d e r iv a t iv e  and th e  
ab sen ce  o f  any  o th e r  t r i - O - m e th y l - ^ g lu c i to l  d e r iv a t iv e  and any 
d i-2 ,~ m e th y l-g -g lu c ito l d e r iv a t iv e s  from  th e  p ro d u c t o f  th e  
m é th y la t io n  a n a ly s i s  o f  th e  m ild  h y d ro ly z a te  o f  GS-5 B p o ly sa c c h a rid e  
in d i c a te s  t h a t  th e  rem ain ing  m a te r ia l  must c o n s is t  o f  a  s e r i e s  o f  
c o n tig u o u s  a - ( l —> 6 ) - l in k e d  D -g lucopy ranosy l u n i t s .  Gel p erm eatio n  
ch rom atography  o f  t h i s  rem a in in g  m a te r ia l  ( f ig u r e  VI 24) shows i t  to  
have = 29 , 0 0 0 .
Thus th e  rem a in in g  m a te r ia l  c o n s is ts  on av erag e  o f  s t r u c t u r a l
\
u n i t s  c o n ta in in g  a t  l e a s t  l80 c o n tig u o u s ly - lin k e d  D—g lu co p y ran o sy l 
u n i t s  (XLVl) o c c u rr in g  as  an  u n in te r ru p te d  c h a in . F u rth e rm o re , th e
90
(XLVi)
p o s s i b i l i t y  o f  a  s t r u c tu r e  o f  th e  ty p e  shown in  p a r t i a l  s t r u c tu r e  
(LXV) o c c u r r in g  in  th e  n a t iv e  d e x tra n  can be ex c lu d ed .
The y i e ld  o f  f r e e z e - d r ie d ,  p a r t ia l ly - h y d r o ly s e d  GS-5 B p o ly ­
s a c c h a r id e  o b ta in e d  from 25 mg o f n a t iv e  p o ly sa c c h a r id e  was 24 .7  mg. 
E x am in a tio n  o f  f ig u r e  I I  28 shows th a t  1.75 to  2 .5  mg o f th e  a c id -  
d eg rad ed  p o ly s a c c h a r id e  com prises low m o lecu la r w eigh t m a te r ia l .
The v e ry  h ig h  y ie ld  o f a c id -d eg rad ed  m a te r ia l  can be accoun ted  
f o r  b y  th e  h ig h e r  m o is tu re  co n ten t o f th e  f r e e z e - d r ie d  p ro d u c t 
com pared w ith  t h a t  o f  th e  e x h a u s tiv e ly —d r ie d  s t a r t i n g  m a te r ia l  and 
p o s s ib le  co n ta m in a tio n  by barium  s a l t s .  A ca rb o h y d ra te  d e te rm in a tio n
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on th e  a c id -d e g ra d e d  m a te r ia l  was n o t perform ed .
The r e s u l t s  o f  th e  m é th y la tio n  a n a ly s is  and m o lecu la r w eight 
d e te rm in a tio n s  o f  th e  a c id -d e g ra d e d  GS—5 B p o ly sa c c h a r id e  su g g est 
t h a t  a  s ig n i f i c a n t  p ro p o r tio n  o f  t h i s  m a te r ia l  (a p p ro x . 6 0 ^  can 
h e  r e p re s e n te d  as  in  s t r u c tu r e  (XLVl) .
TIE 11 The d e te rm in a tio n  o f  th e  minimum le n g th  o f  th e  e x te rn a l  
b ranch  ch a in s  in  GS-5 B p o ly sa c c h a rid e  hy  swine k id n ey  
g lu c an h y d ro la se  h y d ro ly s is  s tu d ie s
E x o d ex tran ases  a re  enzymes th a t  c leav e  g lu c o se  u n i t s  
s e q u e n t i a l l y  from  te rm in a l p o s i t io n s  in  d e x tra n  m olecu les le a v in g  
th e  m o le c u la r  w eight o f  th e  d e x tra n  e s s e n t i a l l y  u n a l te r e d .
118The i s o l a t i o n  o f  such enzymes from B a c i l lu s  m egatherium  ,
125-127 153 154from  S tre p to c o c c u s  m i t is  ^ ' and from v a r io u s  anim al
tis su e s ^ ^ ^ " ^ ^ ^ '^ ^ ^ * ^ ^ ^  has been  r e p o r te d .
118Z evenhu isen  was a b le  to  show th a t  two s t r a i n s  o f  B a c i l l u s , 
o b ta in e d  from  th e  s o i l ,  were a b le  to  produce an ex o d ex tran ase  when 
grown in  a  medium c o n ta in in g  c l i n i c a l  d e x tra n  as  th e  s o le  carbon  
s o u rc e .  The enzyme was a b le  to  c leav e  s e v e ra l  ty p e s  o f  com mercial 
d e x t ra n  and a  s e r i e s  o f  iso m a lto se  homologues w ith  th e  p ro d u c tio n  o f  
g lu c o s e .
W alker ^  ^  succeeded  in  i s o l a t i n g  and p u r i fy in g  an 
e x o d e x tra n a se  (oc—( 1—^  6) g lu c o s id a se )  from a  s t r a i n  o f  S tre p to c o c eus 
m i t i s ^ ^ ^ " ^ ^ ^ '^ ^ ^ '^ ^ ^ ' This enzyme was a b le  to  con v ert to  g lu co se
0 -  27^ o f  d e x tra n s  produced by v a r io u s  s t r a i n s
o f  S . b o v is  and L. m e se n te ro id e s .
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R o s e n fe l’d a d , n o tin g  th a t  d e x tra n  in je c te d  in tra v e n o u s ly  
in to  humans and an im als underw ent m e tab o lic  r e a c t io n s ,  i s o la t e d  
from  v a r io u s  an im al t i s s u e s  an enzyme capab le  o f  d eg rad in g  a 
v a r i e t y  o f  d ex tra n s^ ^ ^ "^ ^ ^ .
The c l i n i c a l  d e x tra n s  P o ly g lu can , P o ly g lu c in , In tra d e x  and 
M acrodex were a l l  degraded  to  e x te n ts  ra n g in g  from ap p ro x im a te ly  
1 4 -35^ .
U sing  such an  enzyme system  i t  i s  p o s tu la te d  t h a t  v a lu a b le  
in fo rm a tio n  r e g a rd in g  th e  le n g th s  o f  th e  b ran ch es in  th e  
s t r e p to c o c c a l  p o ly sa c c h a r id e s  cou ld  be o b ta in e d , u s in g  enzymic 
m ethods, b ro a d ly  s im i la r  to  th o se  employed by v a r io u s  w orkers fo r  
th e  e l u c id a t io n  o f  th e  f in e  s t r u c tu r e s  o f  g ly co g en -ty p e  p o ly -  
s a c c h a r id e s ^ ^ ^  454^
Samples o f  B. m egatherium  s t r a i n  D2 were o b ta in e d  from 
D r. L .P .T .M . Z evenhuisen , Wageningen, th e  N e th e r la n d s . Samples 
o f  B. s u b t i l i s  s t r a i n  D5» on which th e  m a jo r i ty  o f  D r. Z evenhu isen ’ s 
work had  b een  perform ed  were no t a v a i la b le  s in c e  th e  o r ig in a l  
c u l tu r e s  had  been  a llow ed  to  become in v ia b le ^ ^ ^ .
The organism  ivas s u c c e s s fu l ly  reco v e red  from th e  ly p o p h i l is e d  
s t a t e  (v ia  17 (a ) )  and sub c u l tu r e d .  I n i t i a l  a tte m p ts  to  grow th e
o rgan ism  in  l i q u id  c u l tu r e  was however u n su c c e ss fu l (VIA 17 (b )) .
The recommended d e x tra n —c o n ta in in g  medium, medium M7, was an  opaque 
medium (m aking c u l tu r e  growth v e ry  d i f f i c u l t  to  d e te c t)  c o n ta in in g  
t a p  w a te r .  The use  o f  ta p  w a te r , presum ably  added to  supplem ent 
’th e  m in e ra l c o n te n t o f  th e  medium, was, how ever, l i k e l y  to  in h i b i t  
b a c t e r i a l  g row th . A c t iv i ty  in d ic a te d  by an in c re a s e  in  re d u c in g  
s u g a r  c o n te n t (VD 3) was no t d e te c te d  in  th e  enzyme d ig e s t
(VIA 17 ( b ) ) .
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The method was s u b s t a n t i a l l y  m od ified  (VIA 17 ( c ) ) ,  th e  
opaque medium, medium M7, b e in g  re p la c e d  by  a  c le a r  medium, medium 
M8, b ased  on b a s a l  medium f o r  B. m egatherium ^^ ^ . C u ltu re s  were 
grown in  c o t to n —wool p lugged  Erle^neyer f la s k s  which were m a in ta in ed  
a t  30 C w ith  c o n tin u a l o r b i t a l  sh a k in g . The grow th o f  th e  
o rgan ism s was m onito red  (VB 1 (d )) and th e  c e l l s  were h a rv e s te d  
d u r in g  th e  p e r io d  o f  ex p o n e n tia l grow th, b e fo re  l y s i s  o f  th e  
b a c t e r i a l  c e l l s  cou ld  o c c u r. The grow th curve i s  i l l u s t r a t e d  in  
f i g u r e  VI 2 8 . The h a rv e s te d  c e l l s  were resu sp en d ed , in  w a te r , 
a n d u l t r a s o n ic a l ly  d is ru p te d .  The r e s u l t i n g  s o lu t io n ,  a f t e r  
c e n t r i f u g a t io n ,  was in c u b a ted  w ith  S. b o v is  s t r a i n  I  d e x tra n  a t  30^C 
f o r  24 h and an  in c re a s e  in  re d u c in g  su g ar co n te n t was d e te c te d .
A q u a l i t a t i v e  g lu co se  o x id a se /p e ro x id a se  t e s t  (VD 4 ( c ) ) , perform ed 
on th e  d ig e s t ,  was p o s i t i v e .
A s in g le  s p o t,  m ig ra tin g  as  g lu c o se , was observed  when th e  
d e io n is e d ,  enzymic h y d ro ly sa te  was su b je c te d  to  p ap er chrom atography 
in  s o lv e n t  (d) . M icroscop ic  exam ination  o f  th e  s ta in e d  (VB 4 [S l] )  
b a c t e r i a l  d e b r is ,  a f t e r  c e l l  d is ru p t io n ,  showed t h a t  many o f  th e  
b a c t e r i a l  c e l l s  rem ained i n t a c t .  In  a d d i t io n  o n ly  3 ml o f  enzyme 
s o lu t i o n  was o b ta in e d  and i t  was e s tim a te d  th a t  t h i s  would be 
i n s u f f i c i e n t  f o r  th e  p rep a red  programme o f work.
A f u r t h e r  m o d if ic a t io n  o f th e  growth and e x t r a c t io n  p rocedu re  
was th e n  ad o p ted  (VIA 17 (d)) . The growth o f  th e  organism s was as 
d e s c r ib e d  in  VIA 17 (c) . The c e l l s  were h a rv e s te d  and suspended in  
b u f f e r  B4 (O .I6 g o f  b a c t e r i a l  c e l l s  (wet w eigh t) p e r  ml o f  b u f f e r  B4) 
and  sam ples were s u b je c te d  to  u l t r a s o n ic  d is ru p t io n  f o r  v a r io u s
127
le n g th s  o f  tim e  u s in g  bo th  th e  m icro— and medium probes*
U l t r a s o n ic a t io n  u s in g  th e  form er ach iev ed  l i t t l e  c e l l  d is r u p t io n  
when a p p l ie d  f o r  up to  n in e  m inutes* U ltr a s o n ic a t  io n  o f  th e  c e l l s  
f o r  f i f t e e n  m in u tes , u s in g  th e  medium p ro b e , produced e x te n s iv e  c e l l  
d i s r u p t io n  observed  by v i s ib l e  m icroscopy.
The r e s u l t i n g  s o lu t io n ,  a f t e r  rem oval o f  th e  d e b r is  by 
c e n t r i f u g a t io n  a t  3000 g was shown to  have a  p r o te in  co n ten t o f  
3 .6  mg/ml (VD 6 (b )) . When th e  s o lu t io n  was in c u b a te d  a t  30^0 
f o r  24 h w ith  S. b o v is  S t r a in  I  d e x tra n  (VIA 17 (d ))  an  in c re a s e  
f n  re d u c in g  power o f  th e  d ig e s t  (VD 3) was n o te d  and th e  p re sen ce  o f  
g lu c o se  (VD 4 (c ))  was a ls o  d e te c te d .  P aper chrom atography in  
s o lv e n t  (d) o f  th e  d e io n ise d  hydro ly s a te  however showed th e  p re sen ce  
o f  a  number o f  low m o lecu la r w eight com ponents.
A f i n a l  m o d if ic a t io n  o f  th e  growth and e x t r a c t io n  p ro ced u re  
was th e n  a tte m p te d  (VIA 17 (©)) • The B a c i l lu s  organism  was 
i n i t i a l l y  s u b c u ltu re d  th ro u g h  medium M8 to  o b ta in  a  v ia b le  c u l tu r e .
A su sp e n s io n  o f  c e l l s ,c o l l e c t e d  by c e n tr ifu g a t io n ,s u s p e n d e d  in  
s t e r i l e  w a te r  (2 ml) was employed as th e  in n o c u le n t .  A grow th 
cu rv e  was produced  ( f ig u re  VI 29) and th e  c e l l s  were h a rv e s te d  d u rin g  
th e  e x p o n e n tia l  p e r io d  o f grow th.
The c e l l s  were u l t r a s o n ic a te d  fo r  a  le n g th  o f  tim e s u f f i c i e n t l y  
lo n g  to  produce adequa te  c e l l  d is ru p t io n  (de te rm ined  m ic ro s c o p ic a lly ) .  
U n d is ru p te d  c e l l s  and la rg e  p ie c e s  o f b a c t e r i a l  d e b r is  were removed 
from  th e  su sp e n sio n  by  c e n t r i f u g a t io n  a t  2000 g . Small fragm en ts  
o f  b a c t e r i a l  d e b r is  were removed from th e  r e s u l t i n g  s o lu t io n  by  
h ig h  speed  c e n t r i f u g a t io n  (25,000 g ) . , The p r o te in  co n ten t
o f  th e  s o lu t io n  p r io r  to  h ig h  speed c e n t r i f u g a t io n  was
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5 mg/ml and fo llo w in g  h ig h  speed c e n t r i f u g a t io n  was 2 mg/ml in d ic a t in g  
t h a t  t h i s  p ro ced u re  had removed a s u b s t a n t i a l  amount o f  p r o te in .
The r e s u l t i n g  s o lu t io n  was in cu b a ted  w ith  S. b o v is  s t r a i n  I  d e x tra n  
a t  30 C f o r  24 h and an  in c re a s e  in  re d u c in g  su g ar (VD 3) and f r e e  
g lu c o se  c o n te n ts  (VD 4 (c ))  w as’ n o te d . P aper chrom atography o f  th e  
d e io n is e d  h y d ro ly s a te  showed th e  p resen ce  o f  a  number o f  low 
m o le c u la r  w eigh t p ro d u c ts .
In  t h i s  s e r i e s  o f  experim ents i t  was shown to  be p o s s ib le  to  
c u l tu r e  B. m egatherium  on a medium in  which d e x tra n  was th e  o n ly  
ca rb o n  s o u rc e . However, th e  i s o la t io n  o f  th e  ex o d ex tran ase , proved 
d i f f i c u l t ,  and a lth o u g h  a sm all q u a n t i ty  o f  th e  enzyme was o b ta in e d  
( v ia  17 (c ) )  subsequen t in c re a s e  in  i n t e n s i t y  o f  th e  u l t r a s o n ic  
bombardment ap p ea red  to  b reak  th e  c e l l  o rg a n e l le s  r e le a s in g  a  v a r i e ty  
o f  g e n e ra l  h y d ro la s e s  in to  th e  s o lu t io n .
Work was b e in g  conducted in  our own la b o r a to r ie s  to  e x t r a c t  
a m in o p ep tid ase  from  swine k idneys^^^  and an  a tte m p t was made to  
i s o l a t e  g lu c a n h y d ro la se  from th e  re s id u e  o f  t h i s  e x t r a c t io n  p ro ced u re , 
by  th e  method d e sc r ib e d  by R o se n fe l’d ^  ad ^ The enzyme
p r e p a r a t io n  was p’u r i f i e d  by ammonium s ’u lp h a te  p r e c i p i t a t i o n .
A f te r  th r e e  ammonium su lp h a te  p r e c ip i ta t io n s  fo llo w ed  by 
c o n c e n trâ t  io n , a  p u r i f i e d  enzyme s o lu t io n  (p ro te in  co n ten t 7*8 mg/ 
ml) (20 ml) was o b ta in e d .
The enzyme s o lu t io n  was incu b ated  w ith  a c id —degraded  L. m.esen—
_ te ro id es  NRRL B-512 d e x tra n  a t  37°C f o r  50 h . A s te a d y  r e le a s e  o f 
re d u c in g  su g a rs  was shown over t h i s  p e r io d . T . l . c .  o f  th e  enzymic 
hyd ro  ly s a t e  showed g lu co se  to  be th e  on ly  low m olecu la r w eight 
c a rb o h y d ra te  p re s e n t  ( f ig u re  VI 3 l) •
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Gel p e rm eatio n  chrom atography o f th e  enzymic h y d ro ly sa te  on a  
m ixed—bed , Sephadex G—200/G—10 column in d ic a te d  th a t  th e  m o lecu la r 
w e ig h t o f  th e  d e x tra n  (m^ = 40 , 000) was e s s e n t i a l l y  u n a l te re d  by  
th e  a c t io n  o f  th e  enzyme ( f ig u re  VI 32) • The enzyme was shown to  
be  a c t iv e  betw een pH 3«0 and pH 6 .8  w ith  optimum a c t i v i t y  a t  
pH 3 .8  -  pH 4*5 ( f ig u re  VI 33) .
From sw ine k idney , k in d ly  donated  by Bowyers and Co. L td . ,
London Road, Amersham, th e  g lu c an h y d ro lase  was i s o la te d  by th e  
scheme shown in  f ig u r e  VI 34. . .
The i s o l a t e d  enzyme p re p a ra t io n  had a  p r o te in  co n ten t o f  
7 .0  mg/ml (\T) 6 (b )) and a  s p e c i f i c  a c t i v i t y  o f  1 x  10 ^ u n its /m g .
The enzyme was shown to  b e .a b le  to  w ith s ta n d  f r e e z in g ,  e x h ib i t in g  
an  a c t i v i t y  lo s s  o f  15^ on f re e z e -d ry in g  ( f ig u re  VI 3 5 ) . Gel 
p e rm e a tio n  chrom atography o f a 75 h enzyme d ig e s t  showed th e  
m o le c u la r  w eigh t o f  th e  p a r t ia l ly -h y d ro ly s e d  s u b s t r a te  [ a c id  
d eg rad e d  L . m e sen te ro id es  NRRL B-512 d e x tra n , (D extran  T 40) ]  to  be 
e s s e n t i a l l y  u n a l te r e d  ( f ig u re  VI 36) and a f t e r  in c u b a tio n  f o r  
15 days th e  p re sen ce  o f a  low m o lecu la r w eight p ro d u c t (g lu co se) 
c o u ld  be d e te c te d .
G lucose was shown to  be th e  on ly  low m o lecu la r w eight m a te r ia l  
p r e s e n t  in  th e  enzymic d ig e s t  by  t . l . c .  The q u a l i t a t iv e  g lu co se  
o x id a s e /p e ro x id a s e  t e s t  (VD 4 (c )) was p o s i t i v e .
The enzyme p re p a ra t io n  was in cu b a ted  f o r  5G0 h w ith  s u b s t r a te s  
o f  S . mutans GS-5 B p o ly sacc h a rid e  and two n a t iv e  and one a c id -  
d eg rad e d  L. mesenteroides d e x tra n s , a t  37 C. The r e s u l t s  a re  shown
in  f ig u r e  I I  29 .
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The p e rc e n ta g e s  o f  h y d ro ly s is  f o r  th e s e  p o ly sa c c h a r id e s  w e re :— 
S . m utans GS-5 B d e x tra n  . . .  . . .  15«5^
a c id -d e g ra d e d  L. m esen tero ides  MRL B-512
d e x tra n  (D extran  T 40) . . .  . . .  8 ,5 ^
n a t iv e  L. m esen te ro id es  DRRL B-512 d e x tra n  . . .  8.5%
n a t iv e  L« m esen te ro id es  BRRL B—1375 d e x tra n
(Birmingham) . . .  9 . 0%
An e x te r n a l  ch a in  o f  a  d e x tra n  can he d e f in e d  a s  th e  s e r i e s  o f
p -g lu c o p y ra n o sy l u n i t s  s i tu a te d  betw een a  n o n -red u c in g  c h a in  end and
a  b ra n c h  p o i n t .
The av e ra g e  e x te rn a l  cha in  le n g th  o f a p o ly sa c c h a r id e  can be
o b ta in e d  from  th e  fo llo w in g  fo rm ula:
E = H + X 
B
w here E i s  th e  average  e x te rn a l  ch a in  le n g th
H i s  th e  p e rce n tag e  o f enzymic h y d ro ly s is  
B i s  th e  p e rc e n ta g e  o f b ran ch in g
X i s  th e  number o f u n i t s  in  th e  e x te rn a l  ch a in  n o t removed 
b y  th e  enzyme.
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I I  30 P o s s ib le enzymic d eg rad a tio n s  o f  d e x tra n s  in  th e
re g io n  o f b r anch p o in ts  by swine k id n ey  g lu c an h y d ro la se
0^ -0 - 0 4  
0- < )
' ' O —
o "Or
(XLVIl)
0 - 0 0 0 »
O rn
(XLVIIl)
In  th e  exam ples shown in  f ig u re  I I  30, where s t r u c tu r e s  (XLVIl) 
and  (XLVIIl) a r e  b o th  con sid ered  to  re p re s e n t th e  average 
r e p e a t in g  u n i t  o f  th e  p o ly sa c c h a rid e , H = B = 20^ and x = 1 0
Thus, th e  number o f  u n i t s  in  th e  e x te rn a l ch a in  would be 2 
and 1 re s p e c t iv e ly #
C o n s id e rin g  s t r u c tu r e  (XLVIl), th e  D -glucopyranose u n i t  
l in k e d  a -( l-* ^  3) to  th e  main a - ( 1 - ^  6 )- l in k e d  D -glucopyranose 
c h a in  w i l l  n o t be removed by th e  swine k idney  g lu c a n h y d ro la se .
Thus X ^  1•
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Assuming th a t  th e  b ranches in  th e  p o ly sa c c h a rid e s  s tu d ie d  
a r e  o f  t h i s  ty p e  (m ild  a c id  h y d ro ly s is  s tu d ie s  on GS-5 B 
p o ly s a c c h a r id e  shows th a t  a s t r u c tu r e  o f  ty p e  (XLVIIl) i s  ab sen t)  
th e  minimum average  e x te rn a l  cha in  le n g th , E, i s  g iv e n  by th e  
e x p re s s io n
E = h/B  + 1
The p e rc e n ta g e  o f  d e g ra d a tio n  o b ta in ed  in  th e  p re s e n t s tu d ie s  a re  
s i g n i f i c a n t l y  low er th a n  some o f  th e  r e s u l t s  r e p o r te d  by 
R o sen fe l* d  e t  a%133,143 and Walker e t a i153,154^
That t h i s  phenomenon was not due to  enzyme d e a c t iv a t io n  was 
d e m o n s tra te d  by th e  a d d i t io n  o f f u r th e r  g lu can h y d ro lase  to  a  5OO h 
d ig e s t  ( s u b s t r a t e  D extran  T 40) • Bo f u r th e r  r e le a s e  o f  re d u c in g  
s u g a r  was d e te c te d .  The a d d it io n  o f f u r th e r  s u b s t r a te  (D ex tran  
T 40) to  a  500 h d ig e s t  however produced a  f u r th e r  s te a d y  r e le a s e  
o f  re d u c in g  su g a r , showing th a t  th e  g lucose  produced was no t 
i n h i b i t i n g  th e  enzyme. Thus, th e  low er degrees o f  h y d ro ly s is  must 
a r i s e  a s  th e  r e s u l t  o f d if fe re n c e s  in  th e  enzyme p re p a ra t io n  u sed , 
t h e  c o n d i t io n s  employed o r th e  p o ly sacc h a rid es  in v e s t ig a te d .
I t  i s  re c o g n ise d , however, th a t  th e  swine k id n ey  g lu c an h y d ro la se  
p r e p a r a t io n  u sed  in  th e  p re se n t s tu d ie s  re p re s e n ts  a  complex m ix tu re  
o f  enzymes and th e  r e s u l t s  o b ta in ed  should  be t r e a t e d  a c c o rd in g ly .
The p e rc e n ta g e  h y d ro ly s is  o b ta in ed  when S. mutans GS-5 B 
p o ly s a c c h a r id e  was in cu b a ted  w ith  swine k idney  g lu can h y d ro lase  
i n d i c a t e s  t h a t  a t  l e a s t  15.55^ o f th e  D -gluoopyranosyl u n i t s  in  GS-5 B 
.p o ly s a c c h a r id e  a re  lo c a te d  in  th e  e x te rn a l c h a in . The d eg ree
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o f  b ra n c h in g  o f  GS—5 B p o ly sacc h a rid e  i s  1?^» d e term ined  by  
m é th y la t io n  a n a ly s is  ( lIB  5) • Thus th e  minimum average  e x te rn a l  
c h a in  le n g th  o f  GS-5 B p o ly sacc h a rid e  i s  ap p ro x im ate ly  2 and th e  
a v e ra g e  r e p e a t in g  u n i t  can be re p re se n te d  as in  f ig u r e  I I  31»
F ig u re  I I  31 P o s s ib le  average re p e a tin g  u n i t  f o r  GS-5 B 
p o ly sa c c h a rid e
0—0
KD O—Kj—
n
The ab sen ce  o f  a  s t r u c tu r e  o f  th e  type  shown in  p a r t i a l  s t r u c tu r e  
XLIX was d em o n stra ted  by m ild  a c id  h y d ro ly s is  ( lIB  10) .
o-<o-o
+0—0
(XLIX)
n
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l i e  The GS-5 A P o ly sacch a rid e
The le s s e r - s o lu b le  f r a c t io n  o f th e  p o ly sa c c h a rid e  e la b o ra te d  
By S» mutans GS-5 was c u ltu re d  and e x tra c te d  as d e sc r ib e d  in  
VE 2 and VE 3» Two se p a ra te  b a tch es  o f  GS-5 A p o ly sa c c h a r id e  
w ere p roduced  and u n le s s ,  o therw ise  s ta t e d ,  th e  work d e sc r ib e d  
in  t h i s  s e c t io n  has been perform ed on GS-5 A p o ly s a c c h a r id e ,
B at ch 1.
E xam ination  o f  ta b le  I I  1 w i l l  show th a t  w h ile  th e  y ie ld s  
o f  GS-5 B p o ly sa c c h a rid e  p e r  100 g  o f  su cro se  ap p ea r s im i la r  f o r  
b o th  b a tc h e s ,  th o se  o f GS-5 A p o ly sacch arid e  d i f f e r  m arkedly 
be tw een  th e  b a tc h e s .  This d if fe re n c e  could  a r i s e  due to  
v a r i a t i o n s  in  th e  c u l tu re  and e x tra c tio n  c o n d itio n s  betw een b a tc h e s .
B oth b a tc h e s  o f GS-5 A p o ly sacch arid e  were in v e s t ig a te d .
l i e  1 D e te rm in a tio n  o f th e  m onosaccharide components o f  GS-5 A 
p o ly sa c c h a r id e  by a c id  h y d ro ly s is
(a) H y d ro ly sis  a t  th e  optimum c o n d itio n s  f o r  th e  n ro d u c tio n  
o f  g lu co se
GS-5 A p o ly sacc h arid e  was hyd ro ly sed  as d e s c r ib e d  
( v ia  19) and th e  chrom atographic p ro p e r t ie s  o f  th e  h y d ro ly s is  
p ro d u c ts  a re  shown ( ta b le  VI 23) . The r e s u l t s  show th e  p resen ce  
o f  a  s in g le  sp o t m ig ra tin g  as g lucose when th e  h y d r o ly ^ te  was 
s u b je c te d  to  p ap er chromatography and b o ra te  e le c t ro p h o re s is ,  an d  
a s  g lu e  i t  o l  when th e  reduced h y d ro ly sa te  was s u b je c te d  to  
m olybdate  e le c t r o p h o r e s is .
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(b) H y d ro ly s is  a t  th e  optimum c o n d itio n s  f o r  th e  p ro d u c tio n  
o f  f r u c to s e
GS-5 A p olysacch aride was hydrolysed  as d escrib ed  (VIA 20) 
and th e  chromatographic p ro p ertie s  o f  th e  h y d ro ly s is  products are  
shown in  ta b le  VI 24.
The r e s u l t s  show th e  p re se n c e  o f  two m onosaccharide 
com ponents m ig ra tin g  as  f r u c to s e  and g lu c o se  when th e  h y d ro ly s a te  
was s u b je c te d  to  p ap e r chrom atography.
Two s p o ts  co rre sp o n d in g  to  g lu e i to l  and m an n ito l were 
o b se rv ed  when th e  reduced  hydro ly s a te  was s u b je c te d  to  b o ra te  
e l e c t r o p h o r e s i s .  The r e l a t i v e l y  h ig h  in t e n s i t y  o f  th e  f r u c to s e  
sp o t su g g e s ts  t h a t  GS-5 A p o ly sa c c h a r id e  c o n ta in s  a  r e l a t i v e l y  h ig h  
p e rc e n ta g e  o f  f r u c to s e  compared w ith  GS-5 B p o ly s a c c h a r id e .
l i e  2 C om position
Q u a n t i ta t iv e  e s t im a tio n  o f m onosaccharides, a sh , n i t r o g e n ,p r o t e in  
and  c a rb o h y d ra te  contents were d e term ined  as  d e s c r ib e d  (VIA 21) .
The r e s u l t s  a r e  ta b u la te d  in  t a b le  I I  15.
T ab le  I I  15 The C om position o f GS-5 A p o ly sa c c h a r id e
Carbo— G lucose 
h y d ra te  c o n te n t 
co n t en t
F ru c to se  
cont ent
1o
P ro te in  Ash 
co n te n t co n ten t
S p e c i f ic  r o ta t io n  
[a ]2 5  c 0 .29,M  BaOH 
c 0.164,M  BaOH
r e s p e c t iv e ly
B atch  1 7 0 .8 28 .7 43 .7 14.57 12.47 + 41 .3°
B atch  2 74.0 47 29 24.9 3.25 +128°
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T hese r e s u l t s  show th a t  in  b o th  b a tc h e s  ap p ro x im a te ly  70^ o f  th e  
m a te r ia l  i s  c a rb o h y d ra te , and t h a t  g lu c o se  and f r u c to s e  a re  th e  
s o le  m onosaccharide com ponents. The p ro p o r t io n  o f  g lu co se  and 
f r u c to s e  in  th e  GS-5 A p o ly sa c c h a r id e  v a r ie s  betw een th e  b a tc h e s .
I t  would ap p e a r  most l i k e l y  t h a t  S . mutans GS-5 i s  a b le  to  
e la b o r a te  from  su c ro se  two (a t  l e a s t )  s e p a r a te  p o ly s a c c h a r id e s , one 
a  p o ly f r u c ta n  and  th e  o th e r  a  p o ly g lu can  and th e  p ro p o r tio n  o f  th e  
two p o ly s a c c h a r id e s  v a r ie s  s i g n i f i c a n t l y  w ith  s l i g h t  v a r ia t io n s  in  
th e  c u l tu r e  o r  e x t r a c t io n  p ro c e d u re s .
TIC 3 Types and P e rc e n ta g e s  o f  th e  v a r io u s ly  l in k e d  D -g lucose  r e s id u e s  
. - in  GS-5 A p o ly sa c c h a r id e  as d e term ined  by  m é th y la tio n  a n a l y s i s .
GS-5 A p o ly s a c c h a r id e  was s u b je c te d  to  m é th y la t io n  a n a ly s i s  as  
d e s c r ib e d  (VIA 2 2 ) .  The g . l . c .  t r a c e  o f  th e  a c e ty la te d ,  red u ced , 
h y d ro ly s e d , m e th y la te d  GS-5 A p o ly s a c c h a r id e . B atch I ,  i s  shown 
in  f i g u r e  VI 38 and th e  r e le v a n t  mass s p e c tr a  a re  i l l u s t r a t e d  in  
f ig u r e  VI 3 9 -  VI 4 2* The r e te n t io n  tim es  and th e  m olar 
p ro p o r t io n s  o f  each  component a re  shown in  t a b l e  I I  16.
The in f r a r e d  spectrum  o f  m e th y la ted  GS-5 A p o ly s a c c h a r id e  shows 
no a b s o r p t io n  in  th e  -OH a b s o rp tio n  r e g io n , in d ic a t iv e  o f  com plete 
m é th y la t io n  ( f ig u r e  VI 3'0 •
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m olar p ro p o r tio n s  o f  th e  ip roducts
P a r t i a l l y  a c e ty la te d  m e th y la ld i to l M olar p ro p o r­
t i o n  ^
TAMG T
sta n d a rd s
1 15—d i- O - a c e ty l - 2 ,3,4» 6 - te tra -O -m e th y l 
- D - g lu c i to l  *“
20.5 1.00 1.00
1 ; 3; 5—t r i - 0 —a c e ty l—2 ,4 ; 6 - t r i - O —m ethyl— 1.6 1.80 1.90
D - g lu c i to l
1 15 j 6 - t  r i - O - a c e t y l - 2 , 3 , 4 - t r i -O -m e th y l- 5 8 .4 2 .20 2.20
D - g lu c i to l
1 13 ,5 16 - t  e t  r a - 0 - a c e ty l - 2 ,4 , - d i - 0 - 19 .4 4 .30 4 .20
m e th y l  -D -g lu c  i  t  o 1
In  t a b l e  I I  17 th e  r e te n t io n  tim es  and m olar p ro p o r tio n s  o f  th e
com ponents o f  th e  m é th y la tio n  a n a ly s is  o f  GS-5 A p o ly s a c c h a ird e ,
b a tc h  2 , a r e  shown. The g . l . c .  t r a c e and th e  mass s p e c t r a ,  which a re
n o t i l l u s t r a t e d ,  w ere s im i la r  to  th o se o b ta in e d  f o r  B atch 1.
m olar p ro p o r tio n s  o f  th e  meé th y la tio n p ro d u c ts
B atch  2
P a r t i a l l y  a c e ty la te d  m ethyl a d l i t o l
M olar 
p ro p o r­
t i o n  io
T T
s ta n d a rd s
1 ,5 - d i - 0 - a c e t y l - 2 , 3 , 4 , 6 - t  e t  ra -0 -m e th y l-  
B - g lu c i to l
20 .8 1.00 1.00
1 ;3 ,5 - t r i - 0 - & c e ty l - 2 ,4 ,6 - t r i - O - m e th y l -  
D - g lu c i to l
3 .9 1.80 1.90
1 , 5 , 6 - t r i - 0 - a c e t y l - 2 , 3 , 4 “ ’tr i -0 -m e th y l
D - g lu c i to l
55 .9 2 .16 2.20
1 , 4 , 5 , 6- t  e t  ra -O -m e th y l-2 , 4 -d i-O '^G l'B y l- 
D - g lu c i to l
19.4 4 .00 4 .20
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The fra g m e n ta tio n  p a t te r n s  under e le c t r o n  im pact and th e  o r ig in s  o f  
th e s e  p a r t i a l l y  a c e ty la te d  m ethyl a l d i t o l s  a re  shown in  f ig u r e s  I I  3—5 
and I I  7 to  I I  11, I I  32 and I I  33 . C o n sid e rin g  B atch 1 th e  m olar
p ro p o r t io n  o f  th e  d i - 0 :  t r i - 0 :  t e t r a -0 —m e th y l - ^ g lu c i to l  
d e r iv a t iv e s  i s  (w ith in  ex p erim en ta l e r ro r )  1 :3 :1 .  and ap p ro x im a te ly  3^ 
o f  th e  t r i -O -m e th y l-D -g lu c i to l  d e r iv a t iv e s  c o n s is ts  o f  1 ,3 ,5 - t i 'i - O -  
a c e t y l - 2 , 4 , 6 - t  r i-O -m e th y l-D -g lu c ito l  •
B e g le c tin g  te m p o ra r i ly  th e  1 ,3 ,5 -'t r i - O - a c e t y l - 2 ,4 , 6 - t  r i - O -  
m e th y l-D -g lu c i to l ,  th e  average  r e p e a t in g  u n i t  o f  GS-5 A p o ly sa c c h a rid e  
can  he r e p re s e n te d  as  in  f ig u r e  I I  34.
F ig u re  I I  32 The fragm en ts formed from 1 ,3 ,5 - t r i - 0- a c e t y l - 2 ,4 ,6 -  
tr i -O -m e th y l-D -g lu c i to l  on e le c t r o n  im pact
C H 2 OAC
H C - O M e
A c O - C  H
• j  - - - ................  Y 6 i - — 01
H   , _ 2 3 3 .
H C - O A c
- .......................................................I Ï
C H 2 O M 0
16 1 ----- L------------------------- * 1 2 9
1 2 9 -----dJllL-------------- + 87
101  d J O ) -------------- , 7 1
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Fig. 11 33 The origin of component 3 in the méthylation analysis of ns-5 B 
polysaccharide ■
CH^OAc
■OMe
HO
CH2OH
■QMe
acétylation 
 -------------
HO-
•OMe
•OH
OMe
OH
CH20Me
l,3,5-tri-0-acetyl-2,4,6- tri-Q- 
methyl-D-glucitol
CH2OM0
2 , 4,6-tri-O-methy1-D-glucitol
reduction
CH,OMe CH^OMe
YIhOH
OMe
2,4,6-tri-O-methyl-p-glucopyranose
OMe
OMe
. ^  , . , - ... T . 2,4,6-tri-O-methyl-D-
unit linked through positions 1 and 3 —  =
glucopyranose
méthylation CH,OH
D -glucopyranose u n it  l in k e d  through
p o s i t io n s  1 and 3
F ig u re  I I  34 The av erag e  r e p e a t in g  u n i t  o f  G5-3 A p o ly sa c c h a r id e
141
o
—o—o—o—o
n
Thus i t  would ap p ea r t h a t  GS—5 A p o ly sa c c h a r id e  i s  more h ig h ly  
"branched th a n  GS-5 B p o ly s a c c h a r id e . The p re sen ce  o f  th e  
1 13 ,5 “- " t r i - 0 - a c e ty l - 2 ,4 ,6 - t r i - O -m e th y l - p - g lu c i to l  cou ld  "be due to  
a - (  1—4»' 3) - l in k e d  D -g lucopyranosy l u n i t s  o c c u r r in g  a t  non-hranch  
p o in t s  in  a  p r in c i p a l l y  a - ( l —^  6 )- l in k e d  D -g lucopy ranosy l ch a in  o r 
t o  th e  p re se n c e  o f  a  s e p a ra te  *muta n '- ty p e  p o ly s a c c h a r id e . This 
l a t t e r  ca se  would a r i s e  i f  th e  S trep tococcus mutans organism  
e la b o r a te s  s im u lta n e o u s ly  a  d e x tra n  and a  'm u ta n '- ty p e  
p o ly s a c c h a r id e .  The second b a tc h  o f  p o ly s a c c h a r id e , B atch 2, i s  
s t r u c t u r a l l y  s im i la r  to  Batch 1. The most s ig n i f i c a n t  d i f f e r e n c e  
b e in g  th e  s l i g h t l y  h ig h e r  p ro p o r tio n  o f 1 ,3 ,5 - " tr i -O -a c e ty l-2 ,4 ,6 -  
t r i - 0 - m e th y l - D - g lu c i to l  in  th e  m é th y la tio n  a n a ly s is  p ro d u c t o f  B a tc h  2 . 
TIC 4 The enzymic d e g ra d a tio n  o f  GS-5 B p o ly sa c c h a rid e  by  
P . l i la c in u m  d e x tra n a se
GS-5 A p o ly sa c c h a rid e  was enzym ica lly  degraded  a s  d e sc r ib e d  
("VIA 23) .  The q u a n t i ta t iv e  d ig e s t  showed h y d ro ly s is  to  be com plete 
a f t e r  a  p e r io d  o f  5 hours in c u b a tio n . P aper chrom atography o f a 
48 h d ig e s t  showed th a t  a  'b r a n c h ' te t r a s a c c h a r id e  was a b sen t from 
th e  h y d ro ly s a te  ( ta b le  VI 25) •
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I t  i s  p o s s ib le  t h a t  th e  te t r a s a c c h a r id e  cou ld  have been produced 
in  q u a n t i t i e s  so sm all as to  be u n d e te c ta b le .  C onversely  th e  
oc—(1*“ ^ 3) l in k a g e s  which occu r a t  non-branch  p o in ts  in  th e  p o ly ­
s a c c h a r id e  cou ld  occur in  c lo se  p ro x im ity  to  each o th e r  o r to  
b ra n c h  p o in t s ,  o r th e y  may form p a r t  o f  an  e s s e n t i a l l y  a - ( l — 3) 
l in k e d  p o ly g lu c a n .
l i e  3 The d e te rm in a tio n  o f  th e  minimum le n g th  of th e  e x te rn a l  branch
ch a in s  in  GS-3 A p o ly sa c c h a rid e  by swine k id n ey  g lu c an h y d ro lase  
h y d ro ly s is  s tu d ie s
A q u a n t i t a t iv e  swine k id n ey  g lu c an h y d ro la se  d ig e s t  o f GS-5 A 
p o ly s a c c h a r id e  was p rep a red  and an a ly se d  as  d e sc r ib e d  (VIA 24) •
The r e s u l t s  a r e  shown in  f ig u re  I I  35*
E x am ination  o f  f ig u r e  I I  35 shows a  deg ree  o f  h y d ro ly s is  o f  
GS-5 A p o ly s a c c h a r id e  by swine k idney  g lu c an h y d ro la se  o f  8^, 
c o rre s p o n d in g  to  20^ d e g ra d a tio n  o f th e  g lu c o se -c o n ta in in g  p o r t io n  
o f  th e  p o ly s a c c h a r id e  (assum ing th e  f ru c to s e - c o n ta in in g  p o r t io n  to  
be  u n d e g ra d e d ) .
I t  h a s  been  dem onstra ted  th a t  th e  deg ree  o f  b ra n c h in g  o f GS-5 A
p o ly s a c c h a r id e  i s  20^ (lIG  3 ) .  Thus, th e  minimum av erag e  e x te rn a l
c h a in  le n g th  o f  GS-5 A p o ly sa c c h a rid e  i s  2 and th e  av erag e  r e p e a t in g
u n i t  o f  th e  p o ly sa c c h a r id e  can be re p re s e n te d  by  p a r t i a l  s t r u c tu r e s
(l) and  (LI) in  f ig u r e  I I  36. I f  a  s t r u c t u r a l  u n i t  o f  ty p e  (LI) i s
p r e s e n t  in  GS-5 A p o ly sa c c h a rid e  (such a  u n i t  was shown to  be a b sen t in
GS-5 B p o ly s a c c h a r id e )  th e n  in  th e  eq u a tio n  E = H + X (page 131) X = 0 ,
B
and  th e  minimum av erag e  e x te rn a l cha^n le n g th  co rresp o n d in g  to  20^ 
d e g ra d a tio n  by th e  swine k idney  g lu can h y d ro lase  = 1.
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F ig u re  I I  36 P o s s ib le  av e ra g e  r e p e a t in g  u n i t s  o f  GS-3 A
p o ly s a c c h a r id e  (n e g le c t in g  3) - l in k a g e s  which
do n o t form  b ran ch  o o in ts^
(L)
0 - 0—0 
— o
J n
(L I)
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I I P  C onclusions
S tre p to c o c c u s  mutans GS-5 was shown to  e la b o r a te ,  in  v i t r ^ o ,  
when in c u b a te d  on a  s u c ro s e —b ased  medium, a  la rg e  amount o f  e x t r a ­
c e l l u l a r  p o ly s a c c h a r id e  (a p p ro x im a te ly  1 g p e r  100 g o f  su c ro se ) 
w hich was f r a c t i o n a t e d ,  by e th a n o l p r e c i p i t a t i o n ,  in to  a  s o lu b le  
f r a c t i o n ,  GS-5 B p o ly s a c c h a r id e , and a  l e s s e r - s o lu b le  f r a c t i o n ,
GS-5 A p o ly s a c c h a r id e .
The s o lu b le  f r a c t i o n  was shovai to  be e s s e n t i a l l y  a  d e x tra n - ty p e  
p o ly s a c c h a r id e  ( a  p o ly g lu c a n  in  which th e  m a jo r i ty  o f  th e  an h y d ro - 
g lu c o se  u n i t s  a r e  l in k e d  a - ( l — 6)).
A p p ro x im ate ly  17^ o f  th e  an h yd rog lucose  u n i t s  were l in k e d  
th ro u g h  se c o n d a ry  p o s i t i o n s ,  and a l l  th e  seco n d ary  l in k a g e s  were shown 
to  be a - ( l —^  3) l in k a g e s  and a l l  o c c u rre d  a t  b ran ch  p o in t s .  17^  o f  
th e  a n h y d ro g lu c o se  u n i t s  were shown to  be lo c a te d  a t  te rm in a l ,  non­
re d u c in g  p o s i t i o n s .
M ild  a c id  h y d ro ly s is  fo llo w e d  by  m é th y la t io n  a n a ly s i s  o f th e  r e ­
s u l t i n g  p a r t i a l l y  h y d ro ly se d  p o ly s a c c h a r id e , in d ic a te d  th a t  a  la rg e  
p r o p o r t io n  o f  th e  m o lecu le  com prised  an  u n in te r ru p te d  s e r i e s  o f  
c o n tig u o u s  a - ( l —^  6) - l in k e d  D -g lucopyranose  u n i t s .
Swine k id n e y  g lu c a n h y d ro la se  d e g ra d a tio n  s tu d ie s  su g g es ted  th a t  
th e  minimum a v e ra g e  e x te r n a l  c h a in  le n g th  o f  th e  p o ly sa c c h a r id e  was 
r e l a t i v e l y  s h o r t  ( 2) compared to  th e  av erag e  e x t e r m l  c h a in  le n g th  
r e p o r te d  f o r  a m y lo p e c tin  ( 15- 16)
C o n s id e r in g  th e  th r e e  ty p es  o f  s t r u c t u r e  o r i g i n a l l y  p roposed  
f o r  a m y lo p e c tin , nam ely th e  la m in a te d  s t r u c t u r e  (Haworth) (L II) , th e  
h e r r in g  bone o r  comb—l i k e  s t r u c t u r e  (S ta u d in g e r)  (L I I I )  and th e
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r a m if ie d  o r  t r e e - l i k e  s t r u c t u r e  (Meyer) (LIV) (F ig u re  I I  3?) , th e  
e v id en ce  o b ta in e d  from  th e  m ild  a c id  h y d ro ly s is  experim ent and th e  
sw ine k id n e y  g lu c a n h y d ro la se  experim en t in d ic a te s  a  s t r u c t u r e  f o r  
GS-5 B p o ly s a c c h a r id e  te n d in g  tow ard  th e  S ta u d in g e r  model ( b i l l ) .
The p o s s i b i l i t y  o f  th e  p re se n c e  o f  a  low p e rc e n ta g e  o f 
r e l a t i v e l y  lo n g  b ran ch e s  (B c h a in s)  b e a r in g  s h o r te r  b ran ch e s  (a 
c h a in s )  i s  n o t how ever ex c lu d ed .
GS-5 B p o ly s a c c h a r id e  was shown to  be p o ly d is p e rs e d  = 49 ,000 , 
and  a  low m o le c u la r  w e i ^ t  component, s t r u c t u r a l l y  s im i la r  to  th e  
b u lk  o f  GS-5 B p o ly s a c c h a r id e  and a r i s i n g ,  p resum ab ly , from  th e  mode 
o f  a c t io n  o f  th e  s y n th e s is in g  enzyme, was shown to  be p r e s e n t .
The l e s s e r - s o l u b l e  f r a c t i o n ,  GS-5 A p o ly s a c c h a r id e , ap p ea red  
more com plex. I t  c o n ta in e d  a  l a r g e  p e rc e n ta g e  o f  f r u c to s e ,  and 
th e  p r o p o r t io n  o f  f r u c to s e  to  g lu c o se  v a r ie d  betw een th e  two b a tc h e s  
o f  p o ly s a c c h a r id e  p re p a re d .
M é th y la tio n  a n a ly s i s  showed t h a t  th e  g lu c a n  c o n ta in e d  
a p p ro x im a te ly  20^ o f  seco n d a ry , (l""^  3) , l in k a g e s  o c c u r r in g  a t  b ran ch  
p o in t s  and a p p ro x im a te ly  20^ o f  th e  an h yd rog lucose  u n i t s  were lo c a te d  
a t  n o n -re d u c in g  te rm in a l  p o s i t i o n s .
The p re se n c e  o f  1 .6  to  3*9^ o f  a - ( l —^  3 )—lin k e d  D—g lu c o — 
p y ra n o sy l u n i t s  o c c u r r in g  a t  n o n -b ranch  p o in ts  vjas shown by  m é th y la t io n  
a n a l y s i s .
The P . l i la c in u m  d e x tra n a s e  d ig e s t  o f  GS-5 A p o ly s a c c h a r id e  d id  
n o t c o n ta in  an y  t e t r a s a c c h a r id e .  T h is su g g e s ts  t h a t  th e  a—( l —^  3) — 
l in k e d  D -g lu co p y ran o sy l u n i t s  t h a t  do n o t o ccu r a t  b ranch  p o in ts  o ccu r:
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Fig. 11 37 Possible structural models for GS-5 B polysaccharide
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a) a s  p a r t  o f  a  s e p a r a te ,  e s s e n t i a l l y  n o n -d e x tra n - ty p e  p o ly ­
s a c c h a r id e ,  and so a r e  n o t removed hy  th e  en d o d ex tran ase .
b) a s  c o n t ig u o u s ly - l in k e d  a - ( l —> 3 ) - l in k e d  D -g lucopy ranosy l 
u n i t s  w ith in  a  d e x tra n - ty p e  s t r u c t u r e .
c) in  c lo s e  p ro x im ity  to  b ran ch  p o in t s .
Prom sw ine k id n e y  g lu c a n h y d ro la se  d e g ra d a tio n  s tu d ie s ,  an  av erag e  
minimum e x te r n a l  c h a in  le n g th  o f  2 was o b ta in e d , w hich was s im i la r  
to  t h a t  o b ta in e d  f o r  GS-5 B p o ly s a c c h a r id e .
C om parison o f  th e  s o lu b le  and l e s s e r - s o lu b le  p o ly g lu can s  
e la b o r a te d  by  S . mut ans GS-5 show them to  be s im i la r  ty p e s  o f  
p o ly s a c c h a r id e .  The l e s s e r - s o lu b le  f r a c t i o n  p o s se s se s  a  h ig h e r  
d e g re e  o f  b ra n c h in g  and h as  a  sm a ll p e rc e n ta g e  o f  seco n d ary  l in k a g e s  
w hich o ccu r a t  n o n -b ran ch  p o in t s .
The f r u c to s e - c o n ta in in g  p o r t io n  o f  GS-5A p o ly sa c c h a r id e  was no t 
f u l l y  i n v e s t i g a t e d .  However, i t  w i l l  be n o te d  (C h ap te r IV) th a t  
S tre p to c o c c u s  s a l i v a r i u s  s t r a i n  S1 l e van i s  r a p id ly  degraded  by th e  
sw ine kicJjney g lu c a n h y d ro la se  b u t t h a t  such  a  r a p id  d e g ra d a tio n  o f  th e  
f r u c to s e - c o n ta in in g  p o r t io n  o f  GS-5 A p o ly s a c c h a r id e  does no t o c c u r . 
F u rth e rm o re  h ig h  m o le c u la r  w eigh t le v a n s  (M^ 25 x  10^) a re  re p o r te d
t o  be so lu b le ^ ^ ^ * ^ ^ ^ . Thus, th e  f r u c to s e - c o n ta in in g  p o r t io n  o f  
GS-5 B p o ly s a c c h a r id e  i s  n o t t y p i c a l  o f  th e  b a c t e r i a l  le v a n s  so f a r  
i n v e s t ig a t e d ,  and th e  p o s s i b i l i t y  e x i s t s  t h a t  t h i s  m a te r ia l  i s  
c h e m ic a lly  o r  p h y s ic a l ly  bound to  th e  r e s t  o f  th e  GS-5 A p o ly s a c c h a r id e .
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C h ap te r I I I  THE POLYSACCHARIDE ELABORATED BY STREPTOCOCCUS MQTAHS 
OMZ 31
IIIA  P r e p a ra t io n  and e x t r a c t io n
The o rgan ism  S tre p to c o c c u s  m utans OMZ 51 was k in d ly  do n a ted  hy 
D r. W.H. Bowen o f  th e  R oyal C o lleg e  o f  Surgeons o f  E ng land .
Two p o ly s a c c h a r id e  f r a c t i o n s  OMZ 51 A p o ly s a c c h a r id e  
( p r e c i p i t a t e d  w ith  40^ e th a n o l)  and OMZ 51 B p o ly s a c c h a r id e  
( p r e c i p i t a t e d  w ith  70^ e th a n o l)  (VIB l)  w ere o b ta in e d . The y ie ld s  
o f  th e  p o ly s a c c h a r id e  f r a c t i o n s  a re  shown in  t a b l e  I I I  1.
T ab le  I I I  1 The y ie ld s  o f  th e  p o ly s a c c h a r id e  f r a c t i o n s  produced  by  
S . m utans OMZ 51
Y ie ld  o f  f r a c t i o n  A 
g from  100 g o f  su c ro se
Y ie ld  o f  f r a c t i o n  B 
g from  100 g o f  su c ro se
0 .6 8 1.03
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I I IB  The OMZ 51 B p o ly s a c c h a r id e
I I IB  1 D e te rm in a tio n  o f  th e  m onosaccharide components hy a c id  
h y d ro ly s is
A sm all q u a n t i ty  o f  th e  p o ly s a c c h a r id e  was h y d ro ly se d  u nder 
c o n d i t io n s  d e s ig n e d  to  co m p le te ly  c le a v e  g lu c o s id ic  l in k a g e s  in  th e  
p o ly s a c c h a r id e  w ith  th e  minimum d e g ra d a tio n  o f  th e  g lu c o se  r e le a s e d  
(vIB  2) . The ch ro m a to g rap h ic  p r o p e r t i e s  o f  th e  p ro d u c t o f  
h y d r o ly s is  a r e  shown in  t a b l e  VI 26 . The h y d ro ly s a te  when s u b je c te d  
t o  p a p e r  chrom atography  in  s o lv e n t  (d) gave o n ly  a  s in g le  sp o t 
m ig ra t in g  a s  g lu c o s e .
A sam ple o f  OMZ 51 B p o ly s a c c h a r id e  was h y d ro ly se d  under m ild  
c o n d i t io n s  d e s ig n e d  to  c le a v e  f r u c t o s i d i c  l in k a g e s .  Two sp o ts  
m ig ra t in g  a s  g lu c o se  and f r u c to s e  were d e te c te d  when th e  h y d ro ly s a te  
was s u b je c te d  to  p a p e r  chrom atography  in  s o lv e n t  (d) ( t a b l e  VI 27) •
I I IB  2 C om position
Q u a n t i ta t iv e  e s t im a t io n s  o f  th e  ca rb o h y d ra te  and n o n -ca rb o h y d ra te  A 
com ponents o f  OMZ 5^8p o ly s a c c h a r id e  w ere conducted  (VIB 4) • The r e s u l t s  
a r e  shown in  t a b l e  I I I  2 .
T ab le  I I I  2 C om position  o f  OMZ 51 B p o ly sa c c h a r id e
C arb o - 
h y d ra t  e 
co n t en t
y»
G lucose 
con t en t
$
F ru c to s e  
con t en t
P r o te in  
con t en t
fo
Ash 
con t en t
io
S p e c i f ic  r o t a t i o n  
[ a ]^ ^  c 1 . 9 7 , M MaOH
9 8 .8 9 4 .3 6 6 .0 1.2 0 +127°
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I I IB  3 Types and p e rc e n ta g e s  o f  th e  v a r io u s ly  l in k e d  B-g lu c o se  
r e s id u e s  in  OMZ 31B p o ly s a c c h a r id e  a s  de te rm in ed  hy 
m é th y la tio n  a n a ly s i s
The m é th y la t io n  a n a ly s i s  o f  OMZ 51 B p o ly s a c c h a r id e  was 
perfo rm ed  a s  d e s c r ib e d  (v iB  5 )•  The r e le v a n t  g . l . c .  t r a c e  and 
mass s p e c t r a  a r e  shown in  f ig u r e s  VI 44 -  VI 47 and  th e  in f r a r e d  
sp ec trum  o f  th e  m e th y la te d  p o ly s a c c h a r id e  i s  shown in  f ig u r e  VI 4 8 . 
The ab sen ce  o f  an  a b s o rp t io n  band in  th e  re g io n  3200 -  3700 cm  ^ in  
t h e  in f r a r e d  sp ec trum  o f  m e th y la te d  OMZ 51 B p o ly s a c c h a r id e  i s  
in d i c a t i v e  o f  com plete  m é th y la t io n .  The m olar p ro p o r t io n s  o f  th e  
m é th y la t io n  a n a ly s i s  p ro d u c ts  a re  g iv e n  in  t a b l e  I I I  3-
T ab le  I I I  3 The m o lar p ro p o r tio n s  o f  th e  p ro d u c ts  o f  th e  m é th y la t io n  
a n a ly s i s  o f  OMZ 51 B p o ly s a c c h a r id e
P a r t i a l l y  a c e ty la t e d  m ethyl 
a l d i t o l
M olar
p ro p o r­
t i o n
i
T fp-TMG
sta n d a rd s
1 ,5 -^ i-2 .-a 'C e ty l-2 ,  3 , 4 , 6 - t  e t r a - 0 -  
m e th y l-D -g lu c i to l
14. 5/0 1.0 1.0
1 , 5 , 6 - t r i - O - a c e t y l - 2 , 3 , 4 - tr i -O -m e th y l 
- B - g lu c i to l
7 2 .0/ 2 .2 2 .2
1 , 3 , 5 , 6 - t e t r a - 0 - a c e t y l - 2 , 4 - - i - 2 -
m e th y I -D -g lu c ito l
13. 4/ 4 .2 4 .2
The f ra g m e n ta t io n  p a t t e r n s  u n d er e le c t r o n  im pact and th e  o r ig in s  
o f  th e s e  p a r t i a l l y  a c e ty la te d  m ethyl a l d i t o l s  a re  shown in  f ig u r e s  I I  3 
I I  5 and  I I  7 -  I I  11.
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The OMZ 51 B p o ly s a c c h a r id e  i s  e s s e n t i a l l y  a  p o ly g lu can  and th e  
p ro p o r t io n s  o f  d i-0  : t r i - 0 - :  te tr a -O -m e th y l -D -g lu c i to l  d e r iv a t iv e s  in  
th e  m é th y la t io n  a n a ly s i s  p ro d u c t i s  (w ith in  ex p e rim en ta l e r ro r )
1 :5 :1 .
Thus, th e  a  v e rag e  r e p e a t in g  u n i t  o f  OMZ 51 B p o ly s a c c h a r id e ,  
a s  d e te rm in e d  hy  m é th y la t io n  a n a ly s i s ,  i s  a s  re p re s e n te d  in  f ig u r e  
I I I  1.
F ig u re  I I I  1 The av e ra g e  r e p e a t in g  u n i t  o f  OMZ 51 B p o ly sa c c h a r id e
o
J n
I I I B  4 The enzym ic d e g ra d a tio n  o f  OMZ 51 B -po ly sacch arid e  hy 
P . l i la c in u m  d e x tra n a se
OMZ 51 B p o ly s a c c h a r id e  was h y d ro ly se d  u s in g  th e  P . l i la c in u m  
d e x tra n a s e  a s  d e s c r ib e d  (VIB 6) .
A q u a n t i t a t i v e  d ig e s t  showed h y d ro ly s is  to  be com plete a f t e r  
10 h .  I t  h as  been  d em o n stra ted  t h a t  th e  e x te n t o f  d e g ra d a tio n  o f  
d e x tra n sb y  th e  fu n g a l d e x tra n a se  d e c re a se s  w ith  in c r e a s in g  d eg ree s  o f 
b ra n c h in g  o f  th e  p o ly s a c c h a r id e s .
Com parison o f  th e  e x te n t o f  d e g ra d a tio n  o f  OMZ 51 B p o ly ­
s a c c h a r id e  shoifs i t  to  be more e x te n s iv e ly  degraded  (_c. 2 0 ^  th a n  th e  
more h ig h ly  b ran ch ed  GS-5 B p o ly sa c c h a r id e  (jc. 1 2 ^  .
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P ap er ch rom atography  o f  th e  q u a l i t a t i v e  d ig e s t  shows th e  absence 
o f  a  ’branch*  te t r a s a c c h a r id e  in  th e  enzymic h y d ro ly s a te .  These 
f in d in g s  a re  in  agreem ent w ith  th e  r e s u l t s  o f  th e  m é th y la tio n  
a n a ly s i s  o f  OMZ 51 B ( l I I B  3) which shows t h a t  a l l  th e  seco n d ary  
l in k a g e s  o ccu r a t  b ran ch  p o in ts  in  th e  p o ly s a c c h a r id e  s t r u c t u r e .
I I IB  5 The d e te rm in a tio n  o f  th e  minimum le n g th  o f  th e  e x te rn a l  b ranch
c h a in s  in  OMZ 51 B p o ly s a c c h a r id e  by sw ine k id n ey  g lu can ­
h y d ro la s e  h y d r o ly s i s  s tu d ie s  _
OMZ 51 B p o ly s a c c h a r id e  was e n z y m ica lly  degraded  and th e
h y d ro ly s a te  was a n a ly se d  a s  d e s c r ib e d  (VIB 7) • The r e s u l t s  a r e
shown in  f ig u r e  I I I  3 .
The e x te n t  o f  d e g ra d a tio n  (a p p ro x im a te ly  1 3 ^  i s  in d ic a t iv e  o f
a  minimum av e ra g e  e x te r n a l  c h a in  le n g th  o f  2 ( c o r r e c t  to  th e
n e a r e s t  whole n um ber).
Thus th e  av e ra g e  r e p e a t in g  u n i t  o f  OMZ 51 B p o ly s a c c h a r id e  i s
a s  shown in  f ig u r e  I I I  p.
F ig u re  I I I 2  The r e v is e d  av erag e  r e p e a t in g  u n i t  o f OMZ 51 B
p o ly s a c c h a r id e
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TUB 6 The m o le c u la r  w eigh t d i s t r i b u t i o n  o f  OMZ 51 B p o ly s a c c h a r id e  
d e te rm in ed  By g e l p e rm e a tio n  chrom atography
The m o le c u la r  w eigh t d i s t r i b u t i o n  o f  OMZ 51 B p o ly s a c c h a r id e  
a s  o b ta in e d  by  g e l p e rm e a tio n  chrom atography  on Sephadex G—200 
(VIB 8) i s  shown in  f ig u r e  I I I  4 . The p o ly s a c c h a r id e  was shown to  
be p o ly d isp o se d  w ith  = 3 2 ,0 0 0 .
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I I IC  The OI.TZ 31 A p o ly s a c c h a r id e
m e  1 D e te rm in a tio n  o f  th e  m onosaccharide components Tpy a c id  
h y d ro ly s is
A sm all q u a n t i ty  o f  th e  p o ly s a c c h a r id e  was h y d ro ly se d  u nder 
c o n d i t io n s  d e s ig n e d  to  co m p le te ly  c le a v e  g lu c o s id ic  l in k a g e s  in  th e  
p o ly s a c c h a r id e  w ith  th e  minimum d e g ra d a tio n  o f  th e  g lu c o se  r e le a s e d  
(VIB 9) • The ch ro m a to g rap h ic  p r o p e r t i e s  o f  th e  p ro d u c t o f  h y d ro ly s is  
a r e  shown in  t a b l e  VI 29» The hydro ly s a t e  when s u b je c te d  to  p ap e r 
chrom atography  in  s o lv e n t (d) gave o n ly  a  s in g le  sp o t m ig ra tin g  a s  
g lu c o s e .  The i n t e n s i t i e s  o f  th e  g lu c o se  s p o ts  o b ta in e d  from  b o th  
f r a c t i o n s  o f  OMZ 51 p o ly s a c c h a r id e  ap p ea red  s im i la r  by  v is u a l  
in s p e c t io n .
A sam ple o f  OMZ 51 ^  p o ly s a c c h a r id e  was h y d ro ly se d  u n d er m ild  
c o n d i t io n s  d e s ig n e d  to  c le a v e  f r u c t o s i d i c  l in k a g e s .  A sp o t m ig ra tin g  
a s  g lu c o se  and a  t r a c e  o f  a  sp o t m ig ra tin g  a s  f r u c to s e  were observ ed  
when th e  h y d ro ly s a te  was s u b je c te d  to  p ap e r chrom atography in  
s o lv e n t  (d) ( t a b l e  VI 3 0 ) •
I I IC  2 The co m p o sitio n  o f  OMZ 51 A
Q u a n t i ta t iv e  e s t im a t io n s  o f  th e  c a rb o h y d ra te  and  non­
c a rb o h y d ra te  com ponents o f  OMZ 51 A p o ly sa c c h a r id e  w ere conducted
(VZB 11) . The r e s u l t s  a re  shown i n  t a b le  I I I  4*
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T ab le  111 4 The c o m p o sitio n  o f  OMZ 51 A p o ly sac ch-i.ri de
-
C arb o h y d ra te
c o n te n t
%
G lucose  F ru c to s e  P r o te in  
c o n te n t  c o n te n t  c o n te n t
% 96 K
Ash
c o n te n t
%
S p e c i f ic  r o t a t i o n  
[ol] P  0 1 .5 6 ,  M ilaOII
9 7 .3 1 0 0 .5  0 2 ,2 0 .5 + 172°
ITIC ? T y res  and p e rc e n ta g e s  o f  th e  v a r io u s ly  l in k e d  D -g lucose  
r e s id u e s  in  CV.Z 51 A p o ly s a c c h a r id e  as  d e te rm in ed  by 
m é th y la t io n  a n a ly s i s
The m é th y la t io n  a n a ly s i s  o f  OMZ 51 A p o ly s a c c h a r id e  was 
p e rfo rm ed  a s  d e s c r ib e d  (VIB 1 2 ) .  The r e le v a n t  g . l . c .  t r a c e  and mass 
s p e c t r a  a r e  sho’vn in  f i g u r e s  VI 50 -  VI 54 and th e  i n f r a  re d  spec trum  
o f  th e  m e th y la te d  p o ly s a c c h a r id e  i s  shown in  f ig u r e  VI 55#
The ab sen ce  o f  an a b s o r p t io n  band in  th e  re g io n  3200 -  3700 cm in  th e  
i n f r a r e d  sp ec tru m  o f  m e th y la te d  OMZ 51 A p o ly s a c c h a r id e  i s  in d i c a t i v e  
o f  com p le te  m é th y la t io n .  The m o lar p ro p o r t io n s  o f  th e  m é th y la t io n  
a n a ly s i s  p ro d u c ts  a r e  g iv e n  in  t a b le  I I I  5 and th e  f ra g m e n ta t io n  
p a t t e r n s  u n d e r  e l e c t r o n  im p ac t and th e  o r ig in s  o f  th e s e  p a r t i a l l y  
a c e ty l a t e d  m ethy l a l d i t o l s  a r e  shown in  f i g u r e s  I I  3 -  I I  5 , I I  7 -  I I  11 , 
I I  27 and I I  28 .
T ab le  I I I  5 The m o la r •p ro p o rtio n s  o f th e  n ro d u c ts  o f  th e  m é th y la t io n  
a n a l y s i s  o f  OMZ 51 A p o ly s a c c h a r id e
P ro d u c ts  o f  m é th y la t io n  a n a ly s i s  p r o p e r -  ^ Î G
t i e n s  s ta n d a rd s
1 ,5  d i - r O - a c e ty l - 2 ,3 |4 ,6 - t e t r a - O -  21.1  1.00 1.00
m e t  h y l-D -g lu c  i  t o i
1 » 3 , 5 - f r i - 0 - a c e t y l - 2 , 4 , 6 - t r i - O -  3 .7  1.73 1 .^
m e t h y l - ^ g l u c i t o l
1 , 5 , 6 - t r i - O - a c e t y l - 2 , 3 , 4 - t r i - 0 -  5 5 .4  2 .2  2 .2
m e th y l- B - g lu c i to l
1)3,5,6-tetra-0-acetyl-2,A,-di-0- 19.5 4.2 4.2
m e t i i . v l - l H î l ^ c i t o l
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The r e s u l t s  show th a t  OMZ 51 A p o ly s a c c h a r id e  i s  e s s e n t i a l l y  a  
p o ly g lu c a n , p o s s ib ly  w ith  a  t r a c e  o f  f r u c to s e  p r e s e n t .  The 
p ro p o r t io n s  o f  d i - 0 —; t r i - 0 —: t e t r a - 0 —m ethyl-D —g lu c i to l
d e r iv a t iv e s  in  th e  m é th y la t io n  a n a ly s i s  p ro d u c t i s  ap p ro x im a te ly  
1 :3 :1 .
Thus n e g le c t in g ,  f o r  th e  moment ,th e  p re se n c e  o f  th e  3.7^6 o f 
a - ( l —► 3) l in k a g e s  t h a t  o ccu r a t  non -b ran ch  p o in ts  in  th e  p o ly ­
s a c c h a r id e ,  th e  av e ra g e  r e p e a t in g  u n i t  o f  0T4Z 51 A p o ly s a c c h a r id e  i s  
a s  shown i n  f ig u r e  I I I  5 .
F ig u re  I I I  5 The av e rag e  r e p e a t in g  u n i t  o f  OMZ 51 A p o ly s a c c h a r id e
o
J  n
I I IC  4 The enzym ic d e g ra d a tio n  o f  OMZ 51 A p o ly sa c c h a r id e  by  
P . l i la c in u m  d e x tra n a se
OMZ 51 A p o ly s a c c h a r id e  was h y d ro ly se d  u s in g  th e  P . l i la c in u m  
d e x tra n a s e  a s  d e s c r ib e d  (VIB 13) .
A q u a n t i t a t i v e  d ig e s t  showed h y d ro ly s is  to  be com plete a f t e r  5 h  
and  th e  p o ly s a c c h a r id e  i s  18^ degraded  by  th e  fu n g a l enzyme 
( f ig u r e  VI 56) .
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P ap er ch rom atography  o f  th e  q u a l i t a t i v e  d ig e s t  shows th e  
p re se n c e  o f  t r a c e  q u a n t i t i e s  o f  a  ’b ra n c h ♦ - te tr a s a c c h a r id e  
in d i c a t in g  t h a t  some o f  th e  1 ,3 - l in k e d  anhyd ro g lu co se  u n i t s  may occu r 
a s  i s o l a t e d  u n i t s  w ith in  a  d e x tra n  ty p e  m o lecu le .
I I IC  5 The d e te rm in a tio n  o f  th e  minimum fongdh o f  th e  nirtAryiA.l hvp.y^rh 
ch a in s  in  OMZ 51A p o ly s a c c h a r id e  by sw ine k id n e y  g lu can — 
h y d ro la s e  h y d ro ly s is  s tu d ie s
OMZ 51 A p o ly s a c c h a r id e  was e n zy m ica lly  deg raded  and th e  
h y d ro ly s a te  was a n a ly se d  a s  d e s c r ib e d  (VIB I 4) •
The r e s u l t s  a r e  shown in  f ig u r e  I I I  2 . The e x te n t  o f  
d e g ra d a tio n  o f  th e  OMZ 51 A p o ly s a c c h a r id e  i s  £ .  1 2 .5^ , and th u s  th e  
minimum av e ra g e  e x te r n a l  c h a in  le n g th  i s  1 .6 .  The r e v is e d  av erag e  
r e p e a t in g  u n i t ,  n e g le c t in g  g lu c o se  u n i t s  l in k e d  th ro u g h  p o s i t io n s  1 
and  3 o n ly , i s  i l l u s t r a t e d  in  f ig u r e  I I I  6 .
F ig u re  I I I  6 The r e v is e d  av e ra g e  r e p e a t in g  u n i t  o f  OMZ 51A poly- 
s a c c h a r id e
0 ^ 0 o
' - - 0 —o —-o—o - ^ 6 - o —O '
n
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H ID  C onclusions
In  a  s e r i e s  o f  i n i t i a l  s tu d ie s ,  S idebotham  e t  a l^ ^  in v e s t ig a te d  
th e  p o ly s a c c h a r id e  e la b o ra te d  by  _S. m utans OMZ 51 .
The OMZ 51 D p o ly s a c c h a r id e  was shown to  c o n ta in  83/6 o f  p rim ary  
l in k a g e s  by  n .m .r .  and 7696 o f  p rim ary  and 24^6 o f  seco n d ary  l in k a g e s  
by  p e r io d a te  o x id a t io n  s tu d i e s .
The OMZ 51 A p o ly s a c c h a r id e  was s im i l a r l y  shown to  c o n ta in  79^ 6 
o f  p r im a ry  l in k a g e s  by  n.m.r. and 77^6 o f  p rim ary  l in k a g e s  and 23^6 o f  
v a r io u s  se c o n d a ry  l in k a g e s  by  p e r io d a te  o x id a tio n  s tu d i e s .
B oth p o ly s a c c h a r id e s  were shown to  c o n ta in  a  sm a ll p e rc e n ta g e  
( l e s s  th a n  3^0 o f  f r u c to s e .
In  th e  p r e s e n t  s tu d y , i t  was d em o n stra ted , by  m é th y la t io n  
a n a l y s i s ,  t h a t  86^ o f  th e  an h yd rog lucose  u n i t s  in  ŒÏZ 51 B p o ly ­
s a c c h a r id e  w ere ( I—>■ 6) l in k e d  and t h a t  th e  rem a in in g  14/6 were l in k e d  
th ro u g h  p o s i t i o n s  1 ,3  and 6 . The p ro d u c ts  o f  th e  m é th y la tio n  a n a ly s is  
w ere c h a r a c te r i s e d  b y  mass s p e c tro m e try .
The p o ly s a c c h a r id e  was r e a d i ly  degraded  by  th e  en d o d ex tran ase  
p re p a re d  from  P . l i la c in u m . The minimum av erag e  e x te rn a l  c h a in  le n g th  
o f  OMZ 51 B p o ly s a c c h a r id e  was 2, in d ic a t in g  th a t  th e  sequences o f  
a - ( l —^ 6 ) - l i n k e d  D -g lu co p y ran o sy l u n i t s  s i t u a t e d  betw een th e  n o n -re d u c in g  
c h a in  ends and th e  b ran ch  p o in t  n e a re s t  to  th o s e  n o n -re d u c in g  c h a in  ends 
were r e l a t i v e l y  s h o r t .  In  th e  GS-5 B p o ly s a c c h a r id e , such a  s t r u c t u r e  
was a s s o c ia te d  w ith  a  m olecu le  whose o v e r a l l  form  te n d e d  tow ard  t h a t  o f  
th e  S ta u d in g e r  model f o r  am y lo p ec tin  (L II I )  .
The p o ly s a c c h a r id e  f r a c t i o n  was shown to  c o n ta in  656 o f  f r u c to s e  h u t 
th e  e x a c t n a tu re  o f  t h i s  p o r t io n  o f  th e  p o ly sa c c h a r id e  was n o t
in v e s t ig a t e d .
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P o ly s a c c h a r id e  OMZ 51 B was shown hy  g e l p e rm ea tio n  chrom atography, 
to  he p o ly d is p e r s e d  (M^ = 3 2 ,0 0 0 ) .
OMZ 51 A p o ly s a c c h a r id e  c o n ta in e d  g lu c o se  as  th e  m ajor mono­
s a c c h a r id e  com ponent•
I t  c o n ta in e d  a p p ro x im a te ly  20^ o f  a - ( l “^ 3 ) - l i n k e d  D -g lucopyranose  
u n i t s  w hich o c c u rre d  a t  b ran ch  p o in ts  in  th e  p o ly s a c c h a r id e .  A f u r th e r ,  
a p p ro x im a te ly  20^ o f  th e  an h y d ro g lu co se  u n i t s  w ere lo c a te d  a t  te rm in a l ,  
n o n -re d u c in g  p o s i t i o n s .
A lso  p r e s e n t  in  th e  p o ly s a c c h a r id e  OMZ 51 A was 3»7^ o f  a - ( l —^ 3 ) -  
1 in k e d  D -g lu co p y ran o se  u n i t s  which d id  n o t o ccu r a t  b ran ch  p o in t s .
D e g ra d a tio n  o f  OMZ 51A p o ly s a c c h a r id e  by th e  en d o d ex tran ase  o f  
P . l i la c in u m  p roduced  a  t r a c e  o f  'b ran ch *  t e t r a s a c c h a r id e .  Such a  
t e t r a s a c c h a r id e  c o u ld  o n ly  have a r i s e n  from  i s o l a t e d  a - ( l —> 3) —lin k e d  
D -g lu co p y ran o se  u n i t s  o c c u r r in g  a t  p o in ts  o th e r  th a n  b ran ch  p o in ts  in  a 
d e x tra n - ty p e  s t r u c t u r e .
Swine k id n e y  g lu c a n h y d ro la se  h y d ro ly s is  o f  (MZ 51 A p o ly s a c c h a r id e  
showed t h a t  th e  minimum a v e ra g e  e x te r n a l  c h a in  le n g th  o f  Oî-IZ 51 A 
p o ly s a c c h a r id e  was 1 .6 .  T h is  was low er th a n  th a t  found  f o r  th e  so lu b le  
f r a c t i o n .
However, i f  th e  i s o l a t e d  a - ( l —> 3 )- l in k a g e s  d e te c te d  in  OlIZ 51 A 
p o ly s a c c h a r id e  w ere lo c a te d  a t  n o n -re d u c in g  te rm in a l  p o s i t i o n s ,  th e y  
m ight e f f e c t i v e l y  re n d e r  such  ch a in s  s t a b l e  to  h y d ro ly s is  by  th e  sw ine 
k id n e y  g lu c a n h y d ro la se
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CHAPTER IV THE EHZHOC HYDROLYSIS OF SEVERAL BACTERIAL POLY­
SACCHARIDES BY THE GLUCAHHYDROLASE ISOLATED FROM SWIHE 
KIDHEY
E x o d ex tran ases  i . e .  enzymes t h a t  degrade d e x tra n s  in  a
s te p w ise  fa s h io n  from  th e  c h a in  ends have been  o b ta in e d  from  s p e c ie s
123 118 115 124o f  s o i l  b a c t e r i a  , B a c i l lu s  , B a c te ro id e s  , L a c to b a c i l lu s  ,
S t r e p t o c o c c u s and from  an im al t i s s u e " * b u t  l i t t l e  
s t r u c t u r a l  work in v o lv in g  such  enzymes h as  been  r e p o r te d .
R o s e n fe l’d e t  al"*^^ 135,147,151 i s o la te d  from  an im al t i s s u e ,  an 
enzyme r e p o r te d  to  c le a v e  th e  a - ( l —^ 6) l in k a g e s  in  d e x tra n s \  in  a  
s te p w is e  f a s h io n ,  up to  th e  b ran ch  p o in t s ,  p ro d u c in g  g lu c o se  and 
r e s id u a l  d e x tra n  o n ly . There i s ,  how ever, some ev id en ce  th a t  l i n e a r  
a - ( l —> 3) l in k a g e s  a re  a l s o  c le a v e d  by  th e  enzyme^'
R ed u c tio n s  in  m o le c u la r  w eigh t o f  18-35^6 have been  re p o r te d  f o r
134 151c l i n i c a l  d e x tra n s  t r e a t e d  w ith  t h i s  enzyme p r e p a r a t io n  ’ and 
betw een  20- 23% f o r  n a t iv e  d e x t ra n s .
The e x o d e x tra n a se  [ a - ( l —^ 6) g lu c a n h y d ro la s e ]  i s o la te d  from  a  
s t r a i n  o f  S tre p to c o c c u s  m i t i s ^^^*1 2 6 ,127 ,153 ,154  ppoduced a  re d u c t io n  
in  m o le c u la r  w eig h t o f  3 %  in  an  a c id -d e g ra d e d  L . m e se n te ro id e s '
HRRL B-512 d e x tra n  and co n v e rs io n s  to  g lu c o se  o f  0 -3 4 ^  f o r  v a r io u s  
S tre p to c o c c u s  and L euconostoc  d e x tra n s  a re  r e p o r te d .
I n i t i a l  a t te m p ts  to  i s o l a t e  an  ex o d ex tran ase  from  a  s p e c ie s  o f  
B a c i l lu s  a s  d e s c r ib e d  by  Zevenhuisen"*^^ proved  u n s u c c e s s fu l .  A lthough 
th e  b a c te r iu m  was s u c c e s s f u l ly  c u l tu r e d  on a  d e x tra n —c o n ta in in g  medium 
a t te m p ts  to  i s o l a t e  th e  enzyme w ith o u t b re a k in g  th e  o rg a n e l le s  o f  th e  
b a c te r iu m  f a i l e d .
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An e x o d e x tra n a se  was how ever i s o l a t e d  from sw ine k id n e y  and 
p u r i f i e d  hy  ammonium s u lp h a te  p r e c i p i t a t i o n  (VIA 18 (h)%
U sing  such  an  enzyme system , i t  i s  p o s s ib le  t h a t  in fo rm a tio n  
c o n c e rn in g  th e  f in e  s t r u c t u r e  o f  d e x t r ans cou ld  be o b ta in e d , by  
m ethods s im i la r  to  th o s e  employed f o r  th e  e lu c id a t io n  o f  th e  f in e  
s t r u c t u r e  o f  a m y lo p ec tin  and g ly c o g e n -ty p e  p o ly sa c c h a r id e s^ ^ ^ " ^ ^ ^ .
The i s o l a t i o n  and some p r o p e r t i e s  o f  th e  g lu c a n h y d ro la se  o b ta in e d  
from  sw ine k id n e y  w ere d is c u s s e d  in  s e c t io n  IIB  11.
A number o f  sw ine k id n e y  g lu c an h y d ro la se  d ig e s t s  c o n ta in in g  
v a r io u s  b a c t e r i a l  d e x tra n s  and o th e r  c a rb o h y d ra tes as  s u b s t r a te s  were 
p re p a re d  and in c u b a te d  a t  37°C f o r  $00 h o u rs .
The r e s u l t s  a r e  i l l u s t r a t e d  in  f ig u r e s  IV I - IV  3 .
The d e g re e s  o f  d e g ra d a tio n  (p e rc e n ta g e s  o f  c o n v e rs io n  to  
g lu c o se )  a r e  shown i n . t a b l e  IV 1 a lo n g  w ith  th e  p e rc e n ta g e s  o f  
se c o n d a ry  l in k a g e s  in  th e  p o ly s a c c h a r id e s  s tu d ie d .
T h in  la y e r  chrom atogram s o f  th e  $00 hour sw ine k id n e y  g lu c a n ­
h y d ro la s e  h y d ro ly s a te s  o f  s e v e ra l  c a rb o h y d ra te s  a r e  shown in  
f i g u r e  IV 4»
The lo n g  in c u b a tio n  tim e n e c e s s a ry  to  p roduce th e  l im i t  d e x tra n  
c o u ld  be due to  s e v e r a l  p o s s ib le  f a c t o r s .
(a) The low i n i t i a l  a c t i v i t y  o f  th e  enzyme.
(b) I n h ib i t i o n  o f  th e  enzyme by  th e  g lu c o se  p ro duced .
(c) D e a c t iv a t io n  o f  th e  enzyme.
(d) The in c r e a s in g  d i f f i c u l t y  o f  c o n ta c t betw een a v a i la b le  
an h y d ro g lu c o se  u n i t s  in  te rm in a l  n o n -red u c in g  p o s i t io n s  and th e  enzyme 
m o lecu le  a s  th e  h y d ro ly s is  p roceed s and th e  number o f  a v a i la b le  
an h y d ro g lu c o se  u n i t s  in  te rm in a l  non—re d u c in g  p o s i t io n s  f a l l s .
168
P u r i f i c a t i o n  o f  th e  enzyme would h e lp  to  in c re a s e  th e  enzyme 
a c t i v i t y  and so p a r t i a l l y  overcome f a c t o r  (a) . F a c to rs  (h) and (c) 
have a l r e a d y  been  d is c u s s e d  in  s e c t io n  IIB  11 and have been  shown to  
be i n s i g n i f i c a n t .  F a c to r  (d) i s  a  p ro p e r ty  o f  th e  p a r t i c u l a r  enzyme- 
s u b s t r a t e  system  and i s  l i k e l y  to  be th e  m ajor f a c t o r  in f lu e n c in g  
th e  low  r e a c t io n  r a t e  o f  th e  sy stem . S im ila r  in c u b a tio n  p e r io d s  a re  
r e p o r te d  by  R o s e n fe l’d and W alker f o r  s im i la r  sy stem s.
T ab le  IV 1 The p e rc e n ta g e s  o f  c o n v e rs a t io n  to  g lu c o se  o f  v a r io u s  
c a rb o h y d ra te s  on in c u b a tio n  w ith  th e  g lu c a n h y d ro la se  
i s o l a t e d  from  sw ine k id n e y
C arbohydra t e
fo o f
seco n d ary  linl-cages_____
o c c u r r in g  a t  o c c u rr in g  a t  
b ran ch  non—b ran ch
p o in ts  p o in ts
P e rcen tag e
c o n v e rs io n
to  g lu c o se
by sw ine
k id n e y
g lu c an
h y d ro la se
£ •  m utans GS-5 A p o ly s a c c h a r id e  20
mutans GS-5 B p o ly sa cch a r id e  17
m utans OMZ 51A p o ly s a c c h a r id e  20
S . m utans OMZ 51 B p o ly s a c c h a r id e  14
S . m utans In g b r i t t  A p o ly s a c c h a r id e
S ,  m utans I n g b r i t t  B p o ly s a c c h a r id e  -
S . m utans OMZ 52A p o ly s a c c h a r id e
L. m e se n te ro id e s  IÎRRL B-512 d e x tra n  
a c id -d e g ra d e d  L . m e se n te ro id e s  
NRRL B-512 d e x tra n  (D ex tran  T40)
L . m e se n te ro id e s  ITRRL B-1375 16
(Birm ingham d e x tra n )
1-4
(33)
18
.82,109
74
(5) -
L. m e se n te ro id e s  ITRRL B-1415 d e x tra n  14
L. m e se n te ro id e s  BRRL B -I416 d e x tra n  17
L . m e se n te ro id e s  IIRRL B -I405 d e x tra n  -
L . m e se n te ro id e s  IJRRL B-1299S 34
d e x tra n
L. m e se n te ro id e s  BRRL B-1299L d e x tra n  32 ^ 15
S. s a l iv a r i .u s  s t r a i n  S1 * 1 ev an *
p o ta to  am ylose 
s u c ro s e  -  -
F ig u re s  in  b r a c k e ts  ( ) a r e  p e rc e n ta g e s  o f  seco n d ary  lin k a g e s  
d e f in e d .  ______________
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13.0
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Fig. IV 4 Thin layer chromatograms of the 500 hour swine kidney glucanhydror-
lysates of several carbohydrates
O  o
glucose standard
S. mutans GS-5 A polysaccharide
S. mutans GS-5 B polysaccharide
S. salivarius SI levan 
sucrose
amylose
glucose standard
glucose standard
L. mesenteroides NRRL B-1415 polysacch, xidc
rid(
L. mesenteroides NRRL B-1416 polysacchari 
L. mesenteroides NRRL B-1405 golysacchf
acid-degraded L. mesenteroides NRRL B-E
polysacch;
glucose standard
glucose standard 
acid-degraded L. mesenteroides NRRL B-!
ü o lv s  scs .  mutans OMZ 51 A polysaccharide
S. mutans OMZ 51 B polysaccharide
S . mutans OMZ 52 A polysaccharide
glucose standard
O
o
glucose standard
S. mutans Ingbritt A polysaccharide
S. mutans Ingbritt B polysaccharide 
L. mesenteroides NRRL B-512 polysaccha
glucose standard
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The p e rc e n ta g e  c o n v e rs io n  to  g lu c o se  from  each p o ly sa c c h a r id e  
in v e s t ig a t e d  was c a lc u la te d  from  th e  amount o f  s t a r t i n g  m a te r ia l  
(a p p ro x im a te ly  20 mg) in  each d ig e s t  ( c o r r e c te d  f o r  c a rb o h y d ra te  
c o n te n t)  and th e  amount o f  re d u c in g  su g a r  (d e te rm in ed  a s  g lu co se) 
r e le a s e d  in to  th e  d ig e s t .
E xam in a tio n  o f  f ig u r e  IV I I I  shows t h a t  th e  sw ine k id n e y  
g lu c a n h y d ro la se  does n o t in v e r t  su c ro se  s i g n i f i c a n t l y ,  s in c e  no 
in c re a s e  i n  re d u c in g  power i s  n o te d  a f t e r  $00 h o u rs  in c u b a tio n  a t  37^0 ,
However, b o th  _S. s a l i v a r i u s  ’ levan* and p o ta to  am ylose a re  
e x te n s iv e ly  deg rad ed  by  th e  enzyme p r e p a r a t io n .  T his in d ic a te s  t h a t  
th e  enzyme p r e p a r a t io n  i s  no t s p e c i f i c  and p ro b a b ly  com prises a  
number o f  enzyme sy s te m s .
An e x te r n a l  c h a in  o f  a  d e x tra n  can be d e f in e d  a s  th e  s e r i e s  o f  
D -g lu co p y ran o sy l u n i t s  s i t u a t e d  betw een a  n o n -re d u c in g  c h a in  end and 
a  b ra n c h  p o in t .
The av e ra g e  e x te r n a l  c h a in  le n g th  o f  a  p o ly s a c c h a r id e  can  be 
o b ta in e d  from  th e  fo llo w in g  fo rm u la :
E =  l  + X
w here E i s  th e  av e ra g e  e x te r n a l  ch a in  le n g th
H i s  th e  p e rc e n ta g e  o f  enzymic h y d ro ly s is  
B i s  th e  p e rc e n ta g e  o f  b ra n c h in g
X i s  th e  number o f  u n i t s  in  th e  e x te rn a l  c h a in  n o t removed 
by  th e  enzyme.
Assum ing t h a t  th e  b ran ch es  a re  o f  th e  ty p e  shown in  s t r u c t u r e
(LV)
0 - 0 - 0
(LV)
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th e n  a t  l e a s t  one D -g lu co p y ran o sy l u n i t  w i l l  no t he removed hy  th e  
sw ine k id n e y  g lu c a n h y d ro la s e .
Thus, in  th e  above e q u a tio n  X ^  1 and th e  minimum av erag e  
e x te r n a l  c h a in  le n g th ,  E, i s  g iv e n  b y :
E = I  + 1
The le n g th s  o f  th e  b ran ch  ch a in s  in  th e  p o ly s a c c h a r id e s  e la b o ra te d  
b y  mut ans GS-5 and _S. mut ans OMZ 51 have been  d is c u s s e d  in  
s e c t io n s  IIB  11, I I  C 5 , I I IB  5 and I I IC  5 .
The mutans I n g b r i t t  p o ly s a c c h a r id e s  ( f r a c t io n s  A and B) 
a r e  v e ry  s l i g h t l y  d eg raded  by  th e  sw ine k id n e y  g lu c a n h y d ro la s e .
Such d e g re e s  o f  h y d ro ly s is  a re  c h a r a c t e r i s t i c  o f  p o ly s a c c h a r id e s  in  
w hich th e  e x te r n a l  ch a in s  a re  v e ry  s h o r t  o r  a r e  te rm in a te d  by  non­
hydro  ly s  a b le  f u n c t io n s .
S idebotham  e t  a l^ ^  showed, by  p e r io d a te  o x id a t io n  s tu d ie s ,
t h a t  33^ o f  th e  I n g b r i t t  A p o ly sa c c h a r id e  c o n s is te d  o f  se c o n d a ry -
90 111l in k e d  ^ g lu c o p y ra n o s e  u n i t s .  B a ird  ^  a l  * showed, by 
m é th y la t io n  a n a ly s i s ,  t h a t  one s t r a i n  o f  S,  m u tans, d e s c r ib e d  a s  
mutans s t r a i n  I n g b r i t t  A, produced  a  p o ly s a c c h a r id e  in  w hich 6yfo 
o f  th e  p -g lu c o p y ra n o sy l u n i t s  were l in k e d  th ro u g h  seco n d ary  
p o s i t i o n s ,  51^  o c c u r r in g  a t  non -b ranch  p o in t s .
P o ly sa c c h a r id e  s t r u c t u r e s  c o n ta in in g  such low p ro p o r t io n s  o f  
D -g lu co p y ran o se  u n i t s  l in k e d  o n ly  th ro u g h  p o s i t io n s  1 and 6 , would 
n o t be  ex p ec ted  to  be e x te n s iv e ly  degraded  by  sw ine k id n e y  g lu c an ­
h y d r o la s e .  The s o lu b le  and th e  l e s s e r  s o lu b le  p o ly sa c c h a r id e s  
e la b o r a te d  by  L . m e sen te ro id e s  MRL B-1299» B-1299S and B-1299L 
d e x tra n s  r e s p e c t iv e ly ,  have been  s tu d ie d  in  d e t a i l  by  Bourne ^e^ ^
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The soluble fraction  was shown to contain 345^  of secondary 
linkages occurring at branch points and 7^ occurring at non-branch 
p oin ts, and the average repeating u n it, determined from analysis of 
the oligosaccharides obtained from the P. lilacinum  digest of the 
partially-acid-degraded B- 12996 dextran, was as shown in  figure IV 5*
F ig u re  TV 5 The av e ra g e  r e p e a t in g  u n i t  o f  B-1299S d e x tra n -p o s s ib le  
structure^^^
9
o
Ô o o - in
In  th e  l i g h t  o f  th e  p re s e n t  s tu d y , s e v e ra l  p o in ts  a r e  o f  
p a r t i c u l a r  i n t e r e s t  in  such  a  s t r u c t u r e .  Any b ran ch  te rm in a te d  by  
a  s e c o n d a ry - l in k e d  B -g lu co p y ran o sy l u n i t  would no t be degraded  by  th e  
sw ine k id n e y  g lu c a n h y d ro la se . F u rth e rm o re , such a  s t r u c tu r e  c o n ta in s  
b ra n c h e s  t h a t  can be r e p re s e n te d  by  p a r t i a l  s t r u c tu r e  (L V I).
o ■0 - 0 - 0 ^n
- 0
(LVI)
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I . e .  w here th e  p o ly s a c c h a r id e  c h a in  i s  co n tin u ed  v ia  a  seco n d ary  
l in k a g e ,  and th e  b ran ch  c o n s i s t s  o f  ( a t  l e a s t )  one D -g lucopy ranosy l 
u n i t  l in k e d  a - ( l —^ 6) to  th e  m ain p o ly s a c c h a r id e  c h a in . In  such a  
s t r u c t u r e  th e  b ran ch  m ight be h y d ro ly se d  down to  th e  b ran ch  p o in t 
i . e .  X ^  0 , and th e  minimum av erag e  e x te r n a l  c h a in  le n g th ,  E, i s  
g iv e n  by :
-  i
Thus, th e  minimum av erag e  e x te rn a l  ch a in  le n g th  o f  B-1299S
d e x tra n  i s  0 .9 ,  w hich i s  in  good agreem ent w ith  th e  f in d in g s  o f
110J e a n e s  , who d em o n stra ted , by  s t a t i s t i c a l  a n a ly s i s  o f  th e  p ro d u c ts  
o f  a c id  h y d ro ly s is  o f  t h i s  p o ly s a c c h a r id e , t h a t  most o f  th e  b ran ch es 
w ere o n ly  one u n i t  lo n g .
When th e  l e s s e r - s o lu b le  f r a c t i o n ,  B-1299 L d e x tra n , was 
t r e a t e d  w ith  sw ine k id n e y  g lu c a n  h y d ro la s e ,  a  s im i la r  p e rc e n ta g e  
c o n v e rs io n  to  g lu c o se  ( 3 .5 ^  was r e p o r te d .  I t  i s  assum ed th e r e f o r e
t h a t  th e  two p o ly s a c c h a r id e  f r a c t io n s  a re  b ro a d ly  s im i la r  in  s t r u c t u r e .
14.2L in d b erg  e t  ^  showed, by a  method in v o lv in g  th e  
m o d if ic a t io n  o f  th e  p rim ary  c a rb in o l groups o f  d e x tra n s  and th e  
su b seq u en t d e g ra d a tio n  o f  th e  m o d ified  p o ly s a c c h a r id e , t h a t  40^  o f  
th e  b ran ch e s  in  L . m e se n te ro id e s  MRL B-512 d e x tra n  c o n s is te d  o f  a  
s in g le  D -g lu co p y ran o sy l u n i t  and t h a t  a  f u r th e r  45^ c o n s is te d  o f  two 
D -g lu co p y ran o sy l u n i t s .
Sm ith d e g ra d a tio n  s tu d ie s ^ ^  and m é th y la t io n  a n a ly s is ^ ^ ^  showed 
t h a t  th e  p o ly s a c c h a r id e  c o n ta in e d  %  o f  seco n d ary  lin k a g e s  and a l l  
o c c u rre d  a t  b ran ch  p o in t s .
When th e  L. m e sen te ro id e s  MRL B-512 d e x tra n  was t r e a t e d  w ith
174
th e  sw ine k id n e y  g lu c a n h y d ro la s e , 8 . 5^  o f  th e  p o ly sa c c h a r id e  was 
c o n v e rte d  to  g lu c o s e . Thus th e  minimum av erag e  e x te rn a l  ch a in  
le n g th  o f  t h i s  p o ly s a c c h a r id e  i s  2.7» Thus th e  minimum av erag e  
le n g th  o f  th e  rem a in in g  15^ o f  th e  b ran ch e s  in  th e  L. m e sen te ro id e s  
NRRL B-512 d e x tra n  i s  a p p ro x im a te ly  9»
T his c o n t r a s t s  w ith  a  minimum av era g e  c h a in  le n g th  o f  31 f o r
th e  rem a in in g  15^ o f  th e  b ran ch es  in  L. m e se n te ro id e s  NRRL B-512
d e x tra n ,  o b ta in e d  by  u s in g  th e  p e rc e n ta g e  o f  h y d ro ly s is  r e p o r te d  by
W alker e t  a l^ ^ ^ ,  u s in g  S. m i t i s  a - ( l - ^  6) g lu c a n h y d ro la se  a s  th e
e x o d e x tra n a s e . Such a  s t r u c t u r e ,  i . e .  one in  w hich 15^ o f  th e
c h a in s  in  L . m e se n te ro id e s  NRRL B-512 d e x tra n  com prise on a v e ra g e ,
a t  l e a s t  31 c o n tig u o u s , n o n -b ran ch in g , a - ( l — 6 ) - l in k e d
B -g lu c o p y ra n o sy l u n i t s ,  would ap p ear u n l ik e ly  c o n s id e r in g  th e  mode o f
a c t io n  o f  th e  s y n th e s is in g  enzyme sy stem . I t  would th u s  seem
p o s s ib le  t h a t  th e  a - ( l —» 6) g lu c a n h y d ro la se  p re p a re d  by  W alker a t  a l  
125-127 i s  a b le  to  b y -p a s s  some o f  th e  b ran ch  p o in ts  in  d e x tra n s .
Swine k id n e y  g lu c a n h y d ro la se  d e g ra d a tio n  o f  D ex tran  T40 
(a c id -d e g ra d e d  L . m e se n te ro id e s  NRRL B-512 d e x t ra n ) ,  r e p o r te d  to  have 
a  d eg ree  o f  b ra n c h in g  o f  5^» produced  a  p e rc e n ta g e  co n v e rs io n  to  
g lu c o se  o f  8 . 5^» s im i la r  to  t h a t  r e p o r te d  f o r  th e  n a t iv e  p o ly ­
s a c c h a r id e .
Thus, th e  a c id  d e g ra d a tio n , u sed  to  p re p a re  D ex tran  T40 , would 
a p p e a r  to  c le a v e  l in k a g e s  in  th e  main ch a in  o f  th e  p o ly sa c c h a r id e  
r a t h e r  th a n  debranch  i t  o r  h y d ro ly se  p rim ary  l in k a g e s  lo c a te d  in  
b ra n c h  c h a in s .
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The Leuconostoc dextrans produced hy L. meseneroides NRRL B-1375
(Birmingham s t r a i n ) L. mesenteroides NRRL B-1415^^ and
76
L. mesenteroides NRRL B-I416 have been shown to contain 16^, 14  ^ and 
17^ resp ectiv e ly , of secondary linkages a l l  of which occur at branch 
p o in ts .
Swine kidney glucanhydrolase hydrolysis of these dextrans produced 
conversions to glucose of 9^, 10.5^  ^ and 11.5^ resp ectiv e ly .
Thus, the minimum average external chain lengths are approximately
1.5 , 1.75 and 1.7 resp ectiv e ly .
113These re su lts  are in good agreement with those of Abbott at a l 
who showed, by periodate oxidation stu d ies, that the majority of the 
branches in L. mesenteroides NRRL B-1415 and IdRRL B-I416 dextrans 
consisted  of a s in g le  D-glucopyranosyl u n it.
In th is  present ser ie s  of enzymic hydrolysis experiments, i t  is  
acknowledged that the enzyme preparation used probably represents a 
mixture of several enzyme systems.
This ser ie s  of experiments however, which should be regarded as an 
in i t ia l  study and the basis for further in vestiga tion s, serves to 
demonstrate the important information that can be obtained from the 
exodextranase hydrolysis of dextrans, concerning the "fine structure" of 
th ese polysaccharides.
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CHAPTER V GENERAL METHODS
V A C hrom atography
V A 1 P ap er chrom atography
P ap er chrom atography  was c a r r i e d  ou t hy  th e  d escen d in g  te c h n iq u e  
u s in g  V/Iiatman No. 1 p ap e r f o r  g e n e ra l q u a l i t a t i v e  work and No.2 and No. 17 
p a p e rs  f o r  p r e p a r a t iv e  work (medium and la r g e  s c a le ,  r e s p e c t iv e l y ) .
The maximum lo a d in g s  f o r  th e  two p a p e r  ty p e s  were 100 mg p e r  
s ta n d a rd  s h e e t f o r  N o.3 p a p e rs  and 1000 mg p e r  s ta n d a rd  sh e e t f o r  
N o .17 p a p e r s .
N o .17 p a p e rs  w ere f i t t e d  w ith  a  w ick o f  N o.3 p ap e r and a l l  
p r e p a r a t iv e  p a p e rs  were washed b e fo re  u se  w ith  d i s t i l l e d  w a te r  (500 m l) .
Tvjo m ethods f o r  th e  lo c a t io n  o f  compounds on p r e p a r a t iv e  p ap e rs  
w ere em ployed.
( i )  A f te r  d e v e lo p in g  th e  p a p e rs  in  th e  chosen  s o lv e n t system , 
f i v e  one c e n t im e te r  s t r i p s  w ere cu t from  th e  a i r - d r i e d  p a p e r and th e s e  
w ere sp ray ed  w ith ,  o r  d ip p ed  in ,  th e  a p p ro p r ia te  s t a i n in g  r e a g e n t .
The p o s i t i o n  o f  th e  bands in  th e s e  s t r i p s  m s  th e n  u sed  to  lo c a te  th e  
m a te r ia l  in  th e  body o f  th e  p a p e r .
( i i )  A f te r  d e v e lo p in g  th e  p a p e r in  th e  chosen s o lv e n t system  and 
w h ile  th e  p a p e r  was s t i l l  damp, i t  was l a i d  on a  c le a n  sh e e t o f  g la s s  
and  a  s h e e t o f  No.1 p a p e r  l a i d  upon i t ^ ^ ^ .  An im p rin t was ta k e n  by  
ru n n in g  a  b lu n t-e d g e d  im plement up and down th e  p ap e r s e v e ra l  t im e s .
The No. 1 p a p e r was th e n  d ip p ed  o r  sp ray ed  and th e  d i s t r i b u t i o n  o f 
compounds in  th e  o r ig i n a l  chrom atogram  was o b ta in e d .
The s t r i p s  c o n ta in in g  th e  s e p a ra te d  m a te r ia l  w ere cu t from  th e  
chrom atogram , s ta p le d  to  p ap e r w icks, and th e  compound was e lu te d  
from  th e  p a p e r  w ith  d i s t i l l e d  w a te r .
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The s o lv e n t  system s u sed  f o r  p a p e r chrom atography w ere as  fo llo w s ;
(a) n -h u ta n o l ;p y r id in e r w a te r  ( 6 :4 :3  hy  volume)
(h) e th y l  a c e ta t e :p y r id in e :w a te r  (u p p er la y e r  2 :1 :2  hy  v o l u m e ) ,
(c) n -b u ta n o l :e th a n o l :w a te r  (4 0 :1 1 :1 9  by  volume)
(d) e th y l  a c e t a t e : a c e t i c  a c id :fo rm ic  a c id :w a te r  ( l 8 : 3 :1 :4  by  
volume)
V A 2 E le c tr o p h o r e s i s
The e l e c t r o l y t e s  u sed  f o r  e l e c t r o p h o r e s is  were as  fo l lo w s :
(a) sodium  b o ra te  e l e c t r o l y t e ,  pK 1 0 .0 ^ ^^ ( 0 . 0  S
The e le c tro p h e ro g ra m s  were ru n  a t  2 Kv f o r  1 «5 h on Whatman 
N o.3 p a p e r  on a  Shandon L24 h ig h  v o lta g e  a p p a ra tu s .  The s ta n d a rd  
m ig ra t in g  m arker u sed  was ^ g lu c o s e  and th e  n o n -m ig ra tin g  m arker 
em ployed was 2 , 3 » 4 j6 - te tra -0 -m e th y l-D -g lu c o s e .
(b) sodium  m olybdate e l e c t r o l y t e ,  oH 5*0^^^ {_O • \
The e le c tro p h e ro g ra m s  were ru n  a t  1 .5  Kv f o r  2 .5  h  on Whatman 
N o .3 p a p e r  on a  Shandon L24 h ig h  v o lta g e  a p p a ra tu s .  The s ta n d a rd  
m ig ra t in g  m arker u sed  was D -g lu c i to l  and th e  s ta n d a rd  non-m oving 
m arker was g ly c e r o l
V A 3 Thin  l a y e r  chrom atography
T hin  l a y e r  chrom atography  was perform ed  on Camlab Polygram  
S i l  G p re - c o a te d  t h i n  l a y e r  chrom atography p l a t e s  (c o a te d  w ith  s i l i c a  
g e l  w ith o u t g ip su m ). The so lv e n t system s employed w ere:
(a) b en zen e :m e th an o l (9 :1  by  volume) .
(b) n - b u ta n o l : a c e t i c  a c id  ( g l a c i a l ) :w a te r  (upper la y e r  4 :1 :5  
b y  vo lum e)^^^.
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The d ev e lo p ed  p l a t e s  were s ta in e d  by sp ra y in g  w ith  conc. 
s u lp h u r ic  a c i d : e t h a n o l :w a te r  (5 :4 7 :4 7  by  vo lum e).
They w ere th e n  h e a te d  in  an  oven a t  120°C f o r  f iv e  m inu tes to  
a llo w  th e  c o lo u r  to  d e v e lo p .
V A 4 S ta in in g  r e a g e n ts
The fo llo w in g  s t a i n i n g  r e a g e n ts  were employed f o r  th e  lo c a t io n  
and  i d e n t i f i c a t i o n  o f  compounds on p a p e r chrom atogram s and e l e c t r o — 
p h ero  g ram s.
(a) S i lv e r  n i t r a t e  d ip ^ ^^
The d ev e lo p ed  p a p e r was p a sse d  s e q u e n t i a l ly  th ro u g h  s o lu t io n s  
o f  s a tu r a t e d  aqueous s i l v e r  n i t r a t e  (2 .5  ml) in  w a te r  (lO ml) w ith  
a c e to n e  ( 5OO ml) , sodium  h y d ro x id e  (20 g) in  w a te r  (40 ml) w ith  
e th a n o l (96O ml) , and sodium  th io s u lp h a te  (IO g) in  w a te r  (IOO ml) .
A ir  d ry in g  o f  th e  p a p e rs  was a llo w ed  betw een d ip s .
(b) p -A n is id in e  h y d ro c h lo r id e  sp ra y  r e a g e n t^ ^^
The d ev e lo p ed  p a p e r was sp ray ed  w ith  a  s o lu t io n  o f 
p - a n i s id in e  h y d ro c h lo r id e  (0 .5  g) in  e th a n o l (IO ml) w ith  n -b u ta n o l 
(40 ml) .
(c) A n il in e ,  d ip h en y lam in e , -phosphoric a c id  sp ra y  re a g e n t
The d ev e lo p ed  p a p e r was sp ray ed  w ith  a  s o lu t io n  c o n ta in in g  
d ip h en y lam in e  (4 g) , a n i l i n e  (4 ml) , and 85^  p h o sp h o ric  a c id  (20 ml) 
in  a c e to n e  (200 ml) .
(d) A n il in e  o x a la te  sp ra y  re a g e n t^ ^^
The d ev e lo p ed  p ap e r was sp ray ed  w ith  a  s o lu t io n  c o n ta in in g  
a n i l i n e  o x a la te  (25 g) in  %  aqueous e th a n o l ( l  l )  .
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( e) U rea h y d ro c h lo r id e  sp ra y  reag e n t^
The dev e lo p ed  p a p e r was sp ray ed  w ith  a  s o lu t io n  c o n ta in in g  
u re a  (10 g) in  e th a n o l (200 ml) to  w hich conc . h y d ro c h lo r ic  a c id  
(8  ml} in  w a te r  (}>2 ml) had been  added .
To d ev e lo p  th e  c o lo u r ,  p a p e rs  t r e a t e d  w ith  re a g e n ts  (b) , (c) ,
(d) and  (e) were h e a te d  a t  105°C f o r  5-15 m ins.
V A 5 G a s - l iq u id  chrom âtography  ( g . l . c . )
(a) P ack in g  m a te r ia ls
Two p a c k in g  m a te r ia ls  w ere em ployed.
( i )  3^ (w:w) EGNSS-M on Chromosorb w( 100-120 mesh)
( s i la n e  t r e a te d )
( i i )  yfo (w:w) OV 225 on Gas Chrom Q (100-120 m e s h )^ ^ \
To p re p a re  th e  p a c k in g  m a te r ia l s ,  th e  s t a t i o n a r y  phase (3 g) was 
d is s o lv e d  in  ch lo ro fo rm  A.R. (25 ml) . The i n e r t  su p p o rt (97 g) was 
p la c e d  in  a  l a r g e  e v a p o ra tin g  d is h  and an  a l iq u o t  o f  th e  s o lu t io n  was 
s p o t te d  i n .  The w hole was th e n  s t i r r e d  th o ro u g h ly  and a llo w ed  to  d ry . 
The p ro c e s s  was re p e a te d  u n t i l  a l l  th e  s t a t i o n a r y  phase  had  been  
a p p l ie d .
(b) I n s tru m e n ta t io n
G . l . c .  was c a r r i e d  ou t u s in g :
( i )  The Pye 104 doub le  column gas chrom atograph w ith  d ry  
n i t r o g e n  a s  c a r r i e r  g a s , a  flam e io n i s a t io n  d e te c to r  ( f . i . d . )  and 
g la s s  columns (3M x 2 mm).
( i i )  The P e rk in  E lm er P11 gas chrom atograph w ith  d ry  helium  as  
c a r r i e r  g a s , a  f . i . d .  and g la s s  columns (2M x 1 mm). The gas
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chrom atograph  was co u p led  v ia  an a l l  g la s s  i n l e t  system  and a  W atson 
Bieman s e p a r a to r  to  a  H i ta c h i  Rl'iS 4 mass s p e c tro m e te r  ( s e e  C hap ter 
V I I ) .
V A 6 Gel p e rm e a tio n  chrom atography
(a )  S epharose  columns
S epharose  6B and 2B were o b ta in e d  from  Pharm acia (G .B .) L td ,
The g e ls  were s u p p lie d  in  a  p re -sw o lle n  s t a t e  and p re se rv e d  w ith  0,2^o 
sodium  a z id e .  The columns u sed  were Pharm acia K15/90 and K 16/100,
The sp ace  b e n e a th  th e  su p p o rt s c re e n  o f  th e  column was f i l l e d  by 
i n j e c t i n g  e lu a n t  (l%  sodium  c h lo r id e )  back a lo n g  th e  e x i t  tu b in g  u n t i l  
a l l  a i r  b u b b le s  w ere e x p e l le d .  S ince  th e  g e l ,  a s  s u p p lie d ,  was to o  
v is c o u s  to  a llo w  th e  escape  o f  tra p p e d  a i r  b u b b le s , i t  was d i lu te d  1 :1  
( v :v )  w ith  th e  e l u a n t .  The s lu r r y  was th e n  d e a e ra te d  by pumping i n  a  
c lo s e d  sy stem .
Two m ethods w ere em ployed f o r  f i l l i n g  th e  colum ns,
( i )  The zone ra c k in g  method
The s l u r r y  was c a r e f u l ly  poured  down th e  in s id e  o f  th e  
column a l lo w in g  th e  e scap e  o f  tra p p e d  p o ck e ts  o f a i r  u n t i l  th e  column 
was f u l l .  The to p  o f  th e  column was screw ed in to  p la c e  and th e  a i r  
p o c k e t above th e  s l ’o r ry  v e n te d , ( f a i l u r e  to  do t h i s  r e s u l t s  i n  
tu rb u le n c e  and uneven  p ack in g  a s  th e  e lu a n t  d r ip s  i n to  th e  column pack in g ) 
and th e  e lu a n t  was a llo w ed  to  flow  a t  th e  w orking  p re s s u re  o f  th e  colum n. 
A f te r  a  p e r io d  o f  tim e th e  sep h a ro se  had packed down to  a p p ro x im a te ly  
h a l f  th e  column volum e. The column was opened and most o f  th e  ex cess  
e lu a n t  removed by p i p e t t e .  The s u r fa c e  o f  th e  p ack in g  m a te r ia l  to  a 
d e p th  o f  ab o u t 10 cm was th e n  v ig o ro u s ly
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ro u se d  and th e  a i r  was v en ted  and th e  e lu a n t  a llov /ed  to  flow  as  
b e f o r e .  The p ro c e s s  vas re p e a te d  u n t i l  th e  column was f i l l e d  to  
w i th in  5 cm o f  th e  to p  o f  th e  colum n.
( i i )  The e x te n s io n  tu b e  method
The to p  o f  th e  column was f i t t e d  w ith  a  fu n n e l a rd  
a  t i g h t  f i t t i n g  bung . S lu r ry  (320 ml) was c a r e f u l ly  poured  in to  
th e  column, a llo w in g  th e  d is p e r s io n  o f  a i r  p o c k e ts , so f i l l i n g  th e  
column and p a r t  o f  th e  fu n n e l .  This was th e n  a llo w ed  to  pack down 
u n t i l  th e  le v e l  o f  th e  s l u r r y  was below  th e  to p  o f  th e  column.
The a i r  po ck e t above th e  bed was v en ted  and e lu a n t a llow ed  to  flo w , a t  
th e  w ork ing  p r e s s u re ,  u n t i l  th e  bed was s t a b l e .
(b) Sephadox columns
Sephadex G—100 and G—200 were o b ta in e d  from  Pharm acia 
(G .B .) L td . a s  pow ders. They were sw o llen  by  m ix ing  ( l5  g and 10 g , 
r e s p e c t iv e ly )  w ith  ex cess  (600 ml) e lu a n t ( l ^  sodium c h lo r id e )  and 
h e a t in g  on a  steam  b a th  w ith o u t s t i r r i n g  f o r  12 h .  The column was th e n  
f i l l e d  a s  f o r  S ep h aro se . The w orking p re s s u re  o f  th e  columns were 
30 cm o f  w a te r  f o r  G-100 and 13 cm o f  w a te r  f o r  G-200. T his gave 
f lo w  r a t e s  o f  0 .5  and  0 .1  ml p e r  min, r e s p e c t iv e ly .
118(c) Mixed bed Sephadex G-200, Seuhadex G-10 columns
Sephadex G-200 and Sephadex G-10 were o b ta in e d  from Pharm acia 
(G .B .) L td . a s  pow ders. The two were mixed th o ro u g h ly  (5 S  o f  each) 
and  ex ce ss  (300 ml) o f  e lu a n t (1% sodium c h lo r id e )  was added and th e  
su sp e n s io n  was h e a te d  on a  steam  b a th  w ith o u t s t i r r i n g  l o r  i2  h .
The colum n, a  Pharm acia K 9/l5  wa.s th e n  f i l l e d  a s  f o r  Sepharose and 
a  w ork ing  p re s s u re  o f  10 cm o f  e lu a n t wa.s a p p l ie d .  i b i s  gave a  
f lo w  r a t e  o f  0 .1  m l/m in .
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V A 7 D e f in i t io n s  o f  te rm s u sed  in  chrom atography
(a) Terms u sed  in  p ap e r and t h i n  la y e r  chrom atography
£p
_ d is ta n c e  from h ase  l i n e  moved hy  th e  component
d is ta n c e  from  hase  l i n e  moved hy th e  s o lv e n t f r o n t .
n d is ta n c e  from  h ase  l i n e  moved hy  th e  component
=  —   . I . . - . - . . . -  . 1 ■ ■ ■ ' '  . . . ■ .  I I
d is ta n c e  from  base  l^ n e  moved by th e  s ta n d a rd  component X.
&  = (1 -  &  )
4
(b) Terms u sed  in  p ap er e le c t r o p h o r e s is
^  _ d is ta n c e  from non-mo-^/ing : m arker moved by  a component
^  d is ta n c e  from  th e  non-m oving m arker moved by  a  s ta n d a rd
compound X.
In  sodium b o ra te  e l e c t r o l y t e  th e  s ta n d a rd  compound was 
p -g lu c o s e  and th e  non - moving . m arker 2 , 3 ,4 , 6 - t e t r a - O - m e th y l- ^  
g lu c o s e .
In  sodium m olybdate e l e c t r o l y t e  th e  s ta n d a rd  was D - g lu c i to l  and 
th e  non-4noving m arker was g ly c e r o l .
(c) Terms u sed  in  gas l i q u id  chrom atography ( g . l . c . )  
tim e  ta k e n  f o r  th e  component to  p ass  th ro u g h  th e  column
tim e  ta k e n  f o r  th e  s ta n d a rd  compound X to  p a ss  th ro u g h  
th e  colum n.
F o r g . l . c .  o f  m e th y la ted  a l d i t o l  a c e ta te s  th e  s ta n d a rd  compound X 
was 1 ,5 - d i - 0 - a c e t y l - 2 ,3 , 4 , 6 - t  e t ra -O -m e th y l-D -g lu c ito l .
• (d) Terms used  in  g e l perm eation  chrom atography
V th e  e lu t io n  volume o f  a  su b s tan ce  i s  t h a t  volume o f  e lu a n t
—e^
th a t  must be p assed  th ro u g h  th e  column in  o rd e r  to  e lu te
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th e  su b s ta n c e  in  q u e s tio n , and i t  i s  m easured a s  th e  volume 
betw een th e  p o in t  o f  sam ple a p p l ic a t io n  and th e  maximum o f  
th e  peak  in  th e  e lu t io n  d iag ram .
Xq I th e  v o id  volume ( th e  dead  volume) i s  th e  e lu t io n  volume o f
a  su b s ta n c e  t h a t  i s  co m p le te ly  excluded  from  th e  g e l and 
i t  i s  i d e n t i c a l  to  th e  volume o f  th e  i n t e r s t i t i a l  l i q u id  
betw een th e  g e l g ra in s  in  th e  b ed .
, th e  bed volume ( th e  t o t a l  volume) i s  th e  t o t a l  volume o f
th e  b ed .
V B B a c te r io lo g ic a l  te c h n iq u e s
V B 1 G eneral b a c t e r io lo g ic a l  te c h n iq u e s
(a) In n o c u la tio n s
In n o c u la tio n s  were made w ith  e i t h e r  p re —s t e r i l i z e d ,  
c o t to n  w oo l-p lugged  p ip e t t e s ,  th e  t i p s  o f  which had been  "flamed* 
( i . e .  p a s se d  th ro u g h  a  ro a r in g  bunsen flam e) b e fo re  in n o c u la tio n ,  o r  
by  u s in g  " S te r i s e a l "  p r e - s t e r i l i z e d ,  d is p o s a b le  s y r in g e s  and n e e d le s .  
A ll  in n o c u la t io n s  were c a r r i e d  out in  an  u l t r a v i o l e t - i r r a d i a t e d  
s t e r i l e  c a b in e t  produced  in  ou r own w orkshop.
(b) F la s k s  and tu b e s
F la s k s  and tu b e s  were s e a le d  w ith  c o t to n  wool p lu g s  and 
b o th  th e  p lu g s  and th e  necks o f  th e  f la s k s  were "flam ed" a t  ev e ry  
t r a n s f e r .
(c) S t e r i l i z i n g
A ll  m edia and g la ssw a re  was steam  s t e r i l i z e d  a t  15 p . s . i .
f o r  15-20 m in.
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(d) C o n c e n tra tio n  o f  b a c t e r i a
To d e te rm in e  th e  r e l a t i v e  c o n c e n tra t io n  o f  b a c t e r i a  in  a  
l i q u i d  c u l tu r e ,  th e  o p t i c a l  d e n s i ty  o f  a  s u i t a b ly  d i lu te d  a l iq u o t  
o f  th e  medium was re a d  a t  650 nm on th e  Unicam SP 500 s p e c tro ­
p h o to m e te r .
V B 2 Media
469Ml R ecovery medium
Todd-H ew itt b ro th  c o n c e n tra te  (Oxoid)
G lucose A.R.
D i s t i l l e d  w a te r  
The minimum c u l tu r e  s iz e  employed was 10 m l.
10 t a b l e t s  
1 g  
100 ml
M2 M aintenance medium^^^
B ra in -h e a r t  in fu s io n  c o n c e n tra te  ( Oxoid)
T h io g ly c o la te  medium (w/o in d ic a to r  o r  
d e x tro se )  (Bacto)
G lucose A.R.
D i s t i l l e d  w a te r
M3 P o ly sa c c h a rid e  p ro d u c tio n  medium 
T ryp tone (B acto)
Y east e x t r a c t  powder (Oxoid) 
D ipo tassium  hydrogen phosphate  
S ucrose  A.R.
D i s t i l l e d  w a te r
19, 469
5 t a b l e t s  
2 .4  g
0 .5  g
100 ml
30 g 
15 g 
9 g 
150 g 
3 1
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M4 N u tr ie n t a g a r *^^ ^
N u tr ie n t a g a r  (Oxoid) 2 .8  g
D i s t i l l e d  w a te r 100 ml
The medium v/as poured  in to  " u n iv e rsa l*  c u l tu r e  b o t t l e s ,  a u to c le a v e d , 
and  s lo p e d  w h ils t  s t i l l  warm.
M5 Czapek Dox Agar^'^^
Czapek Dox l i q u id  medium (m odified ) 3 .3 4  S
(Oxoid)
Agar a g a r  1 .50 g
D i s t i l l e d  w a te r  100 ml
M6 D e x tra n -y e a s t e x t r a c t  medium^^
Y east e x t r a c t  powder (Oxoid) 1 .5  g
S . b o v is  s t r a i n  I  d e x tra n  1 .0  g
D i s t i l l e d  w a te r  100 ml
1l8M7 D e x tra n - s a l t  medium
30 g
Ca CO  ^ 25 g
KgHPO^ 10 S
MgClg 2 g
S . b o v is  s t r a i n  I  d e x tra n  10 g
Tap w a te r  1 1
186
M8 D extran-m in im al s a l t
1 .5  g
(m^)gHPo^ 7.0 g
MgSO .^TH^O 0 .5  g
O&Clg.ZHgO 0 ,3  g
MnSO .4HgO 40 mg
PeSO^.YH^O 2 .5  mg
(m^)gMo.^0g^.4H20 2 .0  mg
D i s t i l l e d  w a te r 1 1
The pH o f  th e  medium was a d ju s te d  to  pH 7«0 w ith  conc . h y d ro c h lo r ic  
a c i d .  The medium was b o i le d  and f i l t e r e d .  b o v is  d e x tra n
(10 g) was a u to c la v e d  s e p a r a te ly  and added a s e p t i c a l l y .
V B 3 B u ffe rs
B1 O.O3M C i t r a t e  b u f f e r  pH
Two s to c k  s o lu t io n s  were p re p a re d .
(a) 0.1M c i t r i c  a c id  (21:01 g in  w a te r  [1OOO ml]).
(b) 0.1M sodium c i t r a t e  (2 9 «41 g o f  C^H^O.^Na^. 2H^0 in  w a te r
[1000 m l ] ) .
2 0 .5  ml o f ( a )a n d  29-5 ml o f  (b)were mixed and th e  whole d i l u t e d  to  a  
t o t a l  o f  100 m l.
471B2 O.O5M c i t r a t e  b u f f e r  pH 6 .8  
Two s to c k  s o lu t io n s ,  were p re p a re d .
(a) 0.1M c i t r i c  a c id  (21.01 g in  w a te r  [l000 ml]).
(b) 0.1M sodium c i t r a t e  (29«41 g o f  C^H^O.^Na^. 2HgO in  w a te r
[1000 m l] ) .
1 1 .8  ml o f  (a )an d  38 .2  o f  (b)were mixed and th e  whole d i lu te d  to  a 
t o t a l  o f  100 m l.
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B3 P h o s p h a te - c i t r a te  b u f fe r s  pH range  3 . 4- 7 .0 ^ '^^
Two s to c k  s o lu t io n s  were p re p a re d .
(a ) 0.3M c i t r i c  a c id  (21.01 g  in  w a te r [lOOO m!]) •
(b) 0 . 6m d ib a s ic  sodium phosphate  (53 .65  g o f  Na^HPO^.711^0 
in  w a te r  [330 m l]) .
X ml o f  (a) and y  ml o f  (b) were mixed and th e  whole d i lu te d  to  a  t o t a l  
o f  100 m l.
pH X y
3 .4 35.9 14.1
4.0 30.7 19.3
4.6 26.7 23.3
5 .2 23.3 26.7
5 .8 19.7 30.3
6 .4 15.4 34.6
7.0 6.5 43.6
B4 O.O5M P hosphate  b u f f e r  pH 5*9^^^
Two s to c k  s o lu t io n s  were p re p a re d . ;
(a) 0 . 1^  p o ta ss iu m  dihydrogen  phosphate  ( 13.61 g o f  K^HPO^ in
w a te r  [IOOO m l] ) .
(b) 0.1M sodium hydrox ide  (4 .O g o f  NaOH in  w a te r  [ 1OOO m l] ) .
50 ml o f  (a la n d  4 .6  ml o f Cb) were mixed and th e  whole d i lu te d  to  a  t o t a l  
o f  100 m l.
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B8 0.5M A c e ta te  B u ffe r  pH
Two s to c k  s o lu t io n s  were p re p a re d .
(a) 1 .OM a c e t i c  a c id  (57*75 ml o f  g l a c i a l  a c e t i c  a c id  in  w a te r 
[1000 m l] ) .
(b) 1 .OM sodium a c e ta te  (8 2 .0  g o f  C^H^O^Na in  w a te r  [lOOO m l])
14*8 ml o f (a )a n d  35*2 ml o f(b )w ere  mixed and th e  whole d i lu te d  to  a
t o t a l  o f  100 m l.
B6 0 .05M t r i s (hydroxym ethyl)am inom ethane ( " t r i s " )  b u f f e r  
Two s to c k  s o lu t io n s  were p re p a re d .
(a) O.jM " t r i s "  (24*2 g o f  " t r i s "  in  w a te r [IOOO m l] ) .
(b) 0.2M h y d ro c h lo r ic  a c id .
50 ml of(a^ and 41*4 ml o f(b )w ere  mixed and th e  whole d i l u te d  to  a  
t o t a l  o f  100 m l.
B7 O.OO5M c i t r a t e  b u f f e r  pH 6.0^'^^
Sodium c i t r a t e  (C^H^0yNa^.2H20) (l* 4 7  g) was d is s o lv e d  in  w ater 
(1 1) and th e  pH was a d ju s te d  to  pH 6 .0  w ith  c i t r i c  a c id .
V B 4 B io lo g ic a l s t a in s
SI The Gram s ta in ^ ^^
T hree s o lu t io n s  were p re p a re d .
(a ) M ethyl v io l e t  6B ( je n se n  m ethyl v io l e t  [ 0 .5  g ] in  w a te r  
[100  m l] ) .
(b) L ugo l"s io d in e  ( c r y s ta l  io d in e  [ l  g ] and p o tass iu m  io d id e
[2  g ]  in  w a te r  [IOO m l] ) .
(c ) N e u tra l re d  ( je n s e n  n e u t r a l  re d  [O .I g ] and 1^ a c e t i c  a c id
[ 0 .2  g ]  in  w a te r  [100 m l] ) .
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The b a c t e r i a l  c u l tu r e  was sp re a d  on a  m icroscope s l i d e  and a llow ed  
to  a i r  d ry .  The s l i d e  was th e n  " f ix ed "  by p a s s in g  i t  th ro u g h  a 
bun sen  f la m e .
The c u l tu r e  was s ta in e d  f o r  20—30 se c  w ith  s o lu t io n  (a) which 
was th e n  poured  o f f .  The s l i d e  vjas washed w ith  s t e r i l e  w a te r .
L u g o l"s  io d in e  ( s o lu t io n  (b )) was th e n  a p p lie d  and t h i s  was a llow ed  
to  a c t  f o r  30—60 sec  b e fo re  b e in g  poured  o f f .  Excess s t a i n  was 
removed by  w ashing  th e  s l i d e  in  a b s o lu te  e th a n o l u n t i l  no more c o lo u r 
was rem oved. The s l i d e  was washed w ith  s t e r i l e  w a te r and a i r  d r ie d .
C o u n te r s ta in in g  was perform ed w ith  n e u t r a l  re d  ( s o lu t io n  (c ))  
f o r  30-60 s e c , fo llo w ed  by w ashing, b l o t t i n g  and a i r  d ry in g .
Gram p o s i t i v e  b a c t e r i a  ap p ea r b lu e  on th e  s l id e s  and Gram 
n e g a t iv e  b a c t e r i a  ap p ea r r e d .
S2 A lc ian  b lu e^ ^^
A s to c k  s o lu t io n  was p rep a red  as fo llo w s :
A lc ia n  b lu e  ( l  g) was d is so lv e d  in  e th an o l (lOO m l) . The s o lu t io n  was 
s to r e d  a t  4°C*
To s t a i n  b a c t e r i a l  p o ly s a c c h a r id e s , th e  s to c k  s o lu t io n  (50 ml) 
was d i l u t e d  w ith  d i s t i l l e d  w ate r (50 m l) . This s o lu t io n  d e t e r io r a t e s  
on k e e p in g  and was d isc a rd e d  a f t e r  24 h .
The b a c t e r i a l  c u l tu r e  was sp read  on a  s l i d e ,  a llow ed  to  a i r  d ry , 
and  f i x e d .  The s ta in in g  s o lu t io n  was c a r e f u l ly  a p p l ie d , p e rm itte d  
t o  a c t  f o r  60 sec  and was th e n  washed o f f  w ith  d i s t i l l e d  w a te r . The
s l i d e s  were a i r  d r ie d .  .
Count e r s t a i n in g  was ach ieved  w ith  c a rb o l-  fu c h in  which was
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w ashed o f f  w ith  w a te r  im m ediate ly  a f t e r  a p p l ic a t io n .  The c u l tu r e s  
w ere mounted in  G urr*s Canada balsam  u nder cover s l i p s .
B a c te r ia l  c e l l s  ap p ea r re d  and th e  b a c t e r i a l  p o ly sa c c h a r id e s
b lu e .
V C P h y s ic a l Techniques
V C 1 E v a p o ra tio n s
E v a p o ra tio n s  were c a r r ie d  out u nder reduced  p re s s u re  a t  
te m p e ra tu re s  betw een 30 and 45°C, u n le s s  o th e rw ise  s t a t e d .
V C 2 D ia ly s is
• D ia ly s i s  was perform ed in  V ask ing  tu b in g  a g a in s t  d i s t i l l e d  w a te r 
o r  an  a p p ro p r ia te  b u f f e r .
V C 3 C o n c e n tra tio n  o f  enzyme s o lu tio n s
Enzyme s o lu t io n s  were c o n c e n tra te d  u s in g  an  Amicon model 202 
c o n c e n tr a t io n  c e l l  w ith  a  UI'I 2 pad . ( c u t - o f f  p o in t  = lOOO) .
V C 4 W ater
The w a te r  u sed  in  a l l  experim ents was d i s t i l l e d  o r  d e io n is e d  
u n le s s  o th e rw ise  s t a t e d .
I
V C 5 O p tic a l r o ta t io n s
O p tic a l  r o ta t io n s  were determ ined  in  a  1 dm p o la r im e te r  c e l l  
u s in g  a  P e rk in -E lm er I 4 I p o la r im e te r .  A ll measurem ents were made 
in  M sodium hy d ro x id e  s o lu t io n  u s in g  th e  sodium D l i n e .
V C 6 M e ltin g  p o in ts
M e ltin g  p o in ts  were determ ined  on a  Gal1enkamp m icro m e ltin g
p o in t  a p p a ra tu s .
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^  C 7 R esins
A ll r e s in s  were Amber1i t e ,  u n le s s  o th e rw ise  s t a t e d .
V C 8 F re e z e -d ry in g
A ll f r e e z e -d ry in g  was perform ed on a  Chemlab la b o ra to ry  f r e e z e -  
d r i e r .
V D A ssays and A nalyses
V D 1 Ash, n i t r o g e n ,  m o is tu re  and m ethoxyl c o n te n ts
These were de term ined  by  A. B ern h a rd t, Germany, on re q u e s t 
u n le s s  o th e rw ise  s t a t e d .
V D 2 C arbohydrate  c o n te n ts
C arbohydra te  c o n te n ts  were a ssay ed  by  th e  p heno l—s u lp h u r ic  a c id  
477m ethod.
4^  pheno l A .R. s o lu t io n  ( l  ml) was added to  w a te r  ( l  ml) 
c o n ta in in g  10-100 / g  o f  su g a r . C o n cen tra ted  s u lp h u r ic  a c id  (5 ml) 
was r a p id ly  added . The tu b e  was shaken and a llow ed  to  co o l f o r
30 m in . A b la n k , c o n ta in in g  w a te r , phenol and a c id  o n ly , was
p re p a re d  s im u lta n e o u s ly . The o p t ic a l  d e n s i t i e s  were m easured a t  
487 nm on a  Uni cam SP 500 sp ec tro p h o to m e te r .
S tan d a rd  g raphs were p rep a red  b ased  upon s o lu t io n s  o f  g lu c o se , 
f r u c to s e ,  o r  a  m ix tu re  o f  b o th .
V D 3 R educing su g a r c o n te n ts
These were de term ined  by u s in g  th e  N elson copper re a g e n t
T hree re a g e n ts  were p re p a re d .
(a) Anhydrous sodium ca rb o n a te  (25 g) , sodium po tass ium  
t a r t r a t e  (25 g ) ,  sodium b ic a rb o n a te  (20 g) and anhydrous sodium 
s u lp h a te  (200 g) w ere d is so lv e d  in  w a te r (800 ml) . The s o lu t io n  was
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d i l u t e d  to  1 1 and f i l t e r e d  i f  n e c e ss a ry .
(b) C upric su lp h a te  p e n ta h y d ra te  (30 g) was d is s o lv e d  in  w a te r 
(200 ml) c o n ta in in g  c o n c e n tra te d  s u lp h u r ic  a c id  (4 d ro p s ) .
(c) Ammonium m olybdate (25 g) was d is s o lv e d  in  w ate r (450 ml) 
t o  w hich c o n c e n tra te d  s u lp h u r ic  a c id  (21 ml) had been  added .
Sodium a r s e n a te  h e p ta h y d ra te  (3 g) was d is s o lv e d  s e p a r a te ly  in  
w a te r  (25 ml) and was added s lo w ly  to  th e  above s o lu t io n  w ith  
c o n s ta n t  s t i r r i n g .  The whole was d i lu te d  to  500 ml w ith  w a te r  and 
p la c e d  in  an  in c u b a to r  a t  37°C o v e rn ig h t .
The s o lu t io n s  were s to re d  a t  4°C.
(d) A fo u r th  s o lu t io n  was p rep a red  by  ad d ing  re a g e n t (b) ( l  ml) 
to  re a g e n t (a) (25 ml) w ith  sh ak in g , im m ediate ly  b e fo re  u s e .
R eagent (d) ( l  ml) was added to  w a te r ( l  ml) c o n ta in in g  carbo ­
h y d ra te  (e q u iv a le n t in  red u c in g  su g ar co n ten t to  25-250 y^g o f  glucose), 
in  a  p y rex  t e s t  tu b e .  A b la n k , c o n ta in in g  w a te r  and re a g e n t (d) o n ly , 
was p re p a re d  s im u lta n e o u s ly .
The tu b e s  were p la ced  in  a  b o i l in g  w a te r  b a th  f o r  e x a c t ly  
20 min and th e y  were th e n  coo led  f o r  5 min in  ru n n in g  ta p  w a te r .
R eagent (c) ( l  ml) was th e n  added, and th e  tu b e s  were shaken u n t i l  
ca rb o n  d io x id e  was no lo n g e r evo lved . The s o lu t io n s  were a llow ed  to  
s ta n d  f o r  10 min b e fo re  d i l u t in g  to  25 ml w ith  w a te r .  The o p t ic a l  
d e n s i t i e s  o f  th e  s o lu t io n s  were m easured a t  520 nm on a Unicam SP 500 
sp e c tro p h o to m e te r . A s ta n d a rd  curve based  upon g lu co se  was p re p a re d .
V D 4 G lucose c o n te n ts ^ ^^
(a) F ree  g lu co se  in  s o lu t io n
The method used  employed th e  b lood  su g ar d e te rm in a tio n
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m ethod o f  B o eh rin g er B iochem icals L td .
B o t t le  2 (g lu co se  o x id a se -p e ro x id a se  re a g e n t)  o f  th e  B o eh ringer 
b lo o d  su g a r k i t  TBA6 15755 was made up to  300 ml ta k in g  g re a t  ca re  
to  a v o id  a i r  bu b b les  in  th e  s o lu t io n .  The s o lu t io n  was s to re d  a t  
4°C and can be k ep t f o r  3 w eeks.
The s o lu t io n  (5 ml) was p ip e t te d  in to  a tu b e  c o n ta in in g  w a te r  
( l  ml) c o n ta in in g  5 - 5 0 g o f  f r e e  g lu c o se . The c o n te n ts  o f  th e  tu b e s  
w ere mixed by  in v e rs io n  and th e  tu b e s  were p la c e d  in  th e  d a rk  f o r  
0 .5  -  1 b to  a llo w  th e  g reen  c o lo u r to  d ev e lo p . The o p t i c a l  
d e n s i t i e s  were m easured a t  436 nm on a Unicam SP 500 sp e c tro p h o to m e te r .
A b la n k  c o n ta in in g  on ly  w a te r and th e  g lu co se  o x id a se -p e ro x id a se  
re a g e n t was produced s im u lta n e o u s ly . A s ta n d a rd  g raph  b ased  upon 
g lu c o se  was p re p a re d .
(b) G lucose in  a ch em ica lly  bound s t a t e  w ith in  a p o ly sa c c h a rid e  
The p o ly sa c c h a r id e  (approx 50 mg ^w eight a c c u r a te ly  known])
d r i e d  f o r  2 days vacuo a t  40°C, was h y d ro ly sed  f o r  8 h  a t  100°C 
w ith  M s u lp h u r ic  a c id  (3 ml) in  a  capped f l a s k .  Two s e p a ra te  
sam ples o f  g lu c o se  A.R. were s im i la r ly  t r e a t e d  as  a  check on 
d e g ra d a tio n  d u r in g  h y d ro ly s is .  The s o lu t io n s  were th e n  n e u t r a l i s e d  
w ith  2M sodium hyd ro x id e  (3 ml) and made up to  100 m l, 1 ml o f  t h i s  
s o lu t io n  was th e n  d i lu te d ,  to  50 m l.
The g lu c o se  was th e n  e s tim a te d  as in  V B 4 (&) •
(c) Q u a l i ta t iv e  d e te rm in a tio n  o f f r e e  g lucose  in  s o lu t io n
The p re se n c e  o f g lucose  in  s o lu tio n s  was d em onstra ted  u s in g  
W orth in g to n  G lu c o s ta t X4 g lucose  re a g e n ts .
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To a  s o lu t io n  ( 1 ml) c o n ta in in g  a t  l e a s t  5 yA'g o f  f r e e  g lu c o se  a  
s p a tu la  t i p  o f  b o th  th e  G lu co s ta t X4 re a g e n t and th e  chromogen f o r  th e  
above (W orthington) was added . The s o lu t io n  was in c u b a te d  a t  37°C 
f o r  1 h . On a c i d i f i c a t i o n  w ith  9M s u lp h u r ic  a c id ,  a  p in k
c o lo r a t io n  in d ic a te d  th e  p re sen ce  o f  f r e e  g lu c o se .
V D 5 F ru c to s e  c o n te n ts
The f r u c to s e  c o n te n ts  o f  p o ly sa c c h a r id e s  were de te rm in ed  by 
th e  method o f  Wise jat a l . ^ ^
The a lc o h o l ic  an th ro n e  re a g e n t was p re p a re d  a s  fo llo w s .
C o n cen tra te d  s u lp h u r ic  a c id  (lOO ml) was added s lo w ly  to  
a b s o lu te  e th a n o l (50 ml) w ith  c o o lin g . When th e  m ix tu re  r e tu rn e d  
to  room te m p e ra tu re  an th ro n e  (200 g) was added, w ith  s t i r r i n g .  The 
re a g e n t was re a d y  to  use and cou ld  be s to re d  a t  4°C f o r  th r e e  w eeks, 
a f t e r  w hich tim e  d e t e r io r a t io n  was in d ic a te d  by  c o lo r a t io n .
F o u r s o lu t io n s  were p re p a re d .
(a) A s o lu t io n  o f  th e  p o ly sa c c h a rid e  u nder in v e s t ig a t io n ,  
c o n ta in in g  p o ly sa c c h a r id e  (approx . 1.5 mg [w eigh t a c c u r a te ly  known]) 
i n  w a te r  (2 ml) .
(b) A s o lu t io n  o f  a  s ta n d a rd  d e x tra n , c o n ta in in g  B etacoccus 
d e x tra n  (Glaxo and Co. L td .)  hav ing  th e  same c o n c e n tra tio n  o f  
p o ly s a c c h a r id e  in  w ate r (2 ml) as s o lu t io n  (a) .
(c) A f r u c to s e  s ta n d a rd  s o lu t io n ,  c o n ta in in g  f ru c to s e  A.R.
(112 / /g )  in  w a te r  (2 m l) .
(d) W ater (2 m l) .
The tu b e s  were coo led  in  ic e  w ater ( to  s to p  random r e a c t io n s  a t
room te m p e ra tu re )  and th e  co ld  an th rone  re a g e n t (8 ml) was la y e re d
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o n . The s o lu t io n s  were mixed hy in v e rs io n  and t r a n s f e r r e d  to  a  
w a te r  h a th  a t  50°C -  0 .5°C  f o r  e x a c t ly  20 m in. The s o lu t io n s
w ere th e n  coo led  f o r  1 m inute in  an ic e  h a th  and r a p id ly  t r a n s f e r r e d  
to  1 cm c u r e t t e s .  The o p t i c a l  d e n s i t i e s  o f  th e  s o lu t io n s  were re a d  
on a  Unicam SP 500 sp e c tro p h o to m e te r a t  620 nm.
Some c o lo u r  develops d u rin g  t h i s  a s s a y  due to  th e  p re sen ce  o f  
g lu c o s e .  To m inim ise t h i s  e f f e c t  th e  tu b e s  were r e a d  (a) to  (d) 
and th e n  (d) to  (a) and th e  av erag e  v a lu e s  c a lc u la te d .
The p e rc e n ta g e  o f  f r u c to s e  was c a lc u la te d  from  th e  fo llo w in g  
e x p re s s io n .
Wt o f  f r u c to s e  -  f r u c to s e  in  s o ln . ( c )  (abso rbance  s o ln . ( a )  -
abso rbance s o ln .(b )  x G /i OO)^^______________________
absorbance o f  s o lu t io n  (c)
w here G = g lu c o se  co n ten t o f  t e s t  sample as
V D 6 P r o te in  c o n te n ts
(a) The p r o te in  co n ten t o f  a  p o ly sa c c h a r id e
The p r o te in  co n ten t o f  a  p o ly sa c c h a r id e  was o b ta in e d  by  
m u l t ip l i c a t io n  o f  th e  n it ro g e n  co n ten t o f  th a t  p o ly sa c c h a rid e  by  
a  f a c t o r  (6 .2 4 )^ ^ ^ .
(b) The p r o te in  c o n te n ts  o f  s o lu tio n s
E s tim a tio n  o f  th e  p r o te in  c o n te n ts  o f  s o lu t io n s  was c a r r i e d  
o u t by  th e  b i u r e t  t e s t  o f  Go m all which i s  a  m o d if ic a tio n  o f  th e  
m ethods o f  R obinson^^^ and Weichselbaum^
The b iu r e t  re a g e n t was p rep a red  a s  fo llo w s .
C upric  s u lp h a te  h e p ta h y d ra te  ( l . 5  s )  and sodium po tassium  
t a r t r a t e  te t r a h y d r a te  (6 .0  g) were d is so lv e d  in  w a te r (5OO m l) .
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10^ sodium hydrox ide  s o lu t io n  (p rep a red  from s to c k , c a rh o n a te - f r e e ,  
65—75^ sodium h yd rox ide  s o lu tio n )  (300 ml) was added w ith  c o n s ta n t 
s w i r l in g .  The whole was d i lu te d  to  1 1 w ith  w a te r and s to r e d  in  
a  p a r a f f i n —lin e d  b o t t l e .  The re a g e n t keeps i n d e f i n i t e l y  bu t i t  
was d is c a rd e d  i f  i t  showed any s ig n  o f  d e p o s i t in g  any b la c k  o r 
re d d is h  p r e c i p i t a t e .
To a  s o lu t io n  c o n ta in in g  1-10 mg/ml o f  p r o te in  ( l  ml) th e  
re a g e n t (4»0 ml) was added w ith  s w i r l in g .  A b la n k  c o n ta in in g  
o n ly  w a te r  and th e  b iu r e t  re a g e n t was p re p a re d  s im u lta n e o u s ly . The 
o p t i c a l  d e n s i t i e s  o f  th e  s o lu t io n s  were re a d  a t  540 nm on a  Unicam 
SP 500 sp ec tro p h o to m e te r  a f t e r  30 m inutes s to ra g e  in  th e  d a rk .
A s ta n d a rd  curve b ased  on c le a r  serum p r o te in  was p rep a red  
from  w hich a  m u l t ip l ic a t io n  f a c to r  o f  19*5 was o b ta in e d . Thus:
mg o f  p r o te in  = a b so rb , o f  s o lu t io n  x 19*5
V D 7 The d eg ree  o f  p o ly m e risa tio n  o f an o lig o sa c c h a r id e
The d eg ree  o f  p o ly m e risa tio n  o f  an o lig o sa c c h a r id e  was 
d e te rm in e d  by  th e  T im ell^^^ m o d if ic a tio n  o f  th e  P eat^^^  m ethod.
Two s o lu t io n s  were p re p a re d .
(a) 2^  KBH  ^ (0 .5  ml) and th e  o lig o sa c c h a r id e  (6O-8O //g )
in  w a te r  (0 .5  m l) .
(b) 2^ KBH  ^ (0 .5  ml) and th e  o lig o sa c c h a r id e  ( th e  same w eight
a s  in  s o ln .(a ) )  in  M ^ 280^ (0 .5  m l).
The tu b e s  were l e f t  o v e rn ig h t and th e n  4^  phenol s o lu t io n  (1 ml) 
and c o n c e n tra te d  s u lp h u r ic  a c id  (5 ml) were added (V D 2) . The 
o p t i c a l  d e n s i t i e s  o f  th e  s o lu tio n s  were read  a t  487 nm on a  Uni cam 
s p e c tro p h o to m e te r .
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V E G eneral R eac tio n s  and P re p a ra t io n s
V E 1 P u r i f i c a t io n  o f  s o lv e n t s .
(a) Chloroform
C hloroform  was d i s t i l l e d  from anhydrous sodium su lp h a te  
and  th e  d i s t i l l e d  p ro d u c t was s to r e d  over anhydrous sodium s u lp h a te  
in  th e  d a rk , a t  4°C.
(b) D im ethyl su lp h o x id e  ( d .m .s .o . ) .
D .m .s .o . was d i s t i l l e d  under reduced  p re s s u re  from 
c a lc iu m  h y d r id e  and s to r e d  over 4& m o lecu la r s ie v e s .
( c) lodom ethone (m ethyl io d id e )
lodom ethane was d i s t i l l e d  a t  a tm o sp h eric  p re s s u re  and 
s to r e d  over d ry  s i l v e r  ox ide in  th e  d a rk , a t  d°C.
(d) S u p e r-d ry  m ethanol^^^
C lean  d ry  magnesium tu rn in g s  (5 g)  and re su b lim ed  
io d in e  (0 .5  g) were p la c e d  in  a  1 1 round-bottom ed f l a s k  f i t t e d  w ith  
a  c o n d e n se r . M ethanol (50-57 ml) was added and th e  m ix tu re  was 
warmed . u n t i l  th e  io d in e  d isa p p e a re d . When hydrogen was evo lved  th e  
so u rc e  o f  h e a t was removed. I f  no hydrogen was evo lved  th e n  f u r th e r  
io d in e  (O.5  g) was added . M ethanol (9OO ml) was th e n  added and th e  
m ix tu re  was b o i le d  f o r  30 m in u tes . The p roduct was th e n  d i s t i l l e d  
w ith  th e  e x c lu s io n  o f  w a te r . The f i r s t  25 ml was d is c a rd e d .
(e) Dry n -p en ta n e
n—P entane was d r ie d  w ith  sodium w ire .
( f )  P y r id in e
P y r id in e  was d i s t i l l e d  from sodium hydrox ide  p e l l e t s  and
s to r e d  ov er sodium hydrox ide p e l l e t s .
W herever p o s s ib le ,  so lv e n ts  were p u r i f i e d  im m ediate ly  p r io r
t o  u s e .
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V E 2 The p ro d u c tio n  and e x t r a c t io n  o f  p o ly sa c c h a rid e s 19
A ll s t r a i n s  o f  S tre p to c o c c u s  routans were donated  "by 
D r. W.H# Bowen o f th e  Royal C ollege o f  Surgeons o f  E ngland . They 
w ere o b ta in e d  in  th e  ly o p h i l is e d  s t a t e  and were reco v e re d  hy 
in c u b a t in g  in  medium Ml (V B 2) f o r  24 h a t  37°C.
A f te r  re c o v e ry , th e  b a c t e r ia  were m a in ta in ed  by s u b c u ltu r in g  
th ro u g h  medium M2(V B 2) f o r  24 h a t  37°C. They w ere th e n  s to r e d  a t  
4^C and rem ained  v ia b le  f o r  a t  l e a s t  1 m onth.
A 19 b o ld  sam ple o f  t h i s  c u l tu r e  (5 ml) was in n o c u la te d , 
v i a  th e  P a s te u r  p ip e t t e ,  by means o f  a  d isp o sa b le  s y r in g e , in to  th e  
a p p a ra tu s  shown in  f i g .  V 1 which had p re v io u s ly  been a u to c la v e d  and 
a llo w e d  to  coo l n a t u r a l l y .  The to p  o f  th e  f l a s k  was f i t t e d  w ith  a 
p o ly th e n e  bag  c o n ta in in g  carbon d io x id e , in  o rd e r  to  in c re a s e  th e  
ca rb o n  d io x id e  c o n c e n tra tio n  o f  th e  atm osphere o f th e  f l a s k  a t  th e  
i n i t i a l  s ta g e s  o f  fe rm e n ta tio n , and th e  whole was in c u b a te d  a t  37°C *
f o r  90 h .
F ig u re  V 1 The a p p a ra tu s  used  f o r  p o ly sa c c h a rid e  p ro d u c tio n
— c o t t o n - w o o l  p lug
^^^32 d ia lys is  t t  
A I c o n ic a l  f l a s k
medium M3
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A f te r  90 h? th e  crude p o ly sa c c h a rid e  was e x t ra c te d  from th e  c u l tu r e  
medium hy th e  fo llo w in g  scheme ( f ig u r e  V I I )  .
F ig u re  V I I  The e x t r a c t io n  o f  th e  crude p o ly sa c c h a rid e s
SUCROSE BROTH COHTAIHIHG POLYSACCHARIDE 
Made O.O4M w . r . t .  HaOH 
S t i r r e d  a t  room tem p, f o r  20 h 
C e n tr ifu g e d  a t  700 g f o r  I 5 mini
SUPERHATANT 
pH a d ju s te d  to  pH 4-0
E t OH c o n c e n tr a t io n  a d ju s te d  to  ^Ofo (v :v ) 
C e n tr ifu g e d  a t  700 g f o r  I 5 min
 1
CENTRIFUGATE
C e ll d e b r is  ( r e je c te d )
SUPERNATANT 
E to n  c o n c e n tr a t io n  a d ju s te d  to  'JOfo (v :v ) 
C e n tr ifu g e d  a t  700 g f o r  I 5 min
CENTRIFUGATE 
Crude f r a c t i o n  A
SUPERNATANT CENTRIFUGATE 
Crude f r a c t i o n  B
Spen t medium ( r e je c te d )
V E 3 The p u r i f i c a t i o n  o f  crude p o ly sa c c h a rid e  f r a c t io n s
(a) F ra c t io n  A ( th e  p o ly sa c c h a rid e  f r a c t io n  p r e c ip i t a t e d  by
e th a n o l (v :v )).
The crude p o ly sa c c h a rid e  f r a c t io n  was d is s o lv e d , w ith  
j th e  minimum volume o f  w ate r and th e  e th a n o l c o n c e n tra tio n
was a d ju s te d  to  40^ (v :v ) . The p r e c i p i t a t e  was a llow ed  to  form
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(12 h r ,  4 C) and th e  r e s u l t i n g  su sp e n sio n  was th e n  c e n tr ifu g e d  a t  
700 g f o r  15 m in. The su p e rn a ta n t was d is c a rd e d  and th e  
p r e c i p i t a t i o n  was re p e a te d .
D e p ro te in a tio n  was ach iev ed  hy  th e  method o f  Sevag a l^ ^ ^ . 
The p o ly s a c c h a r id e  was d is s o lv e d , w ith  s t i r r i n g ,  in  a  minimum volume 
o f  w a te r  and th e  r e s u l t i n g  s o lu t io n  was shaken w ith  an  equal volume 
o f  ch lo ro fo rm tam yl a lc o h o l (7 :2  v : v ) . The p r o te in  was seen  to  
s e p a ra te ,  as  a  g e l a t  th e  in te r f a c e  o f  th e  phases and i t  was removed 
w ith  th e  o rg a n ic  la y e r .  The p ro c e ss  was re p e a te d  u n t i l  no more 
g e l  form ed and th e  aqueous la y e r  was h iu r  e t -n e g a t iv e  (v  D 6 (h )) .
The p o ly s a c c h a r id e  was r e p r e c ip i t a t e d  w ith  a  f u r th e r  ùfyfo 
(v :v )  o f  e th a n o l .
The su sp e n s io n  was c e n tr ifu g e d  a t  700 g f o r  15 m in. The 
s u p e rn a ta n t  was d ecan ted  o f f  and d is c a rd e d  and th e  c e n t r i f u g a te  was 
re su sp e n d e d  in  w a te r and f r e e z e - d r ie d .
(h) F r a c t io n  B ( th e  p o ly sa c c h a rid e  f r a c t i o n  p r e c i p i t a t e d  hy
e th a n o l f v tv l )  «
The p r e c i p i t a t io n s  and d e p ro te in a t io n s  were conducted  
a s  f o r  f r a c t i o n  A excep t th a t  e th an o l p r e c ip i t a t io n s  were conducted  
u s in g  e th a n o l c o n c e n tra tio n s  o f  70^  (v :v ) .
V E 4 A cid h y d ro ly s is  o f  a  p o ly sacc h a rid e
421(a) Optimum c o n d itio n s  f o r  th e  p ro d u c tio n  o f  g lu co se
The p o ly sa c c h a r id e  (25 mg) was h y d ro ly sed  w ith  M s u lp h u r ic
a c id  (2 ml) in  a  capped f la s k ,  on a steam  h a th  a t  lOO^C, f o r  8 h .
The h y d ro ly s a te  was co o led , n e u t r a l is e d  w ith  excess harium  c a rb o n a te , 
and  th e  in s o lu b le  barium  s a l t s  were removed by  c e n t r i f u g a t io n  a t  
300 g f o r  10 m in.
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The su p e rn a ta n t was d e io n ise d  hy  sh ak in g  w ith  IR 120 (h*^ r e s in ,  
fo llo w e d  hy f i l t r a t i o n ,  and th e n  w ith  IRA 400 (0H”3 r e s in ,  fo llo w ed  
h y  f i l t r a t i o n  and c o n c e n tra tio n  a t  reduced  p r e s s u re .
Optimum c o n d itio n s  f o r  th e  p ro d u c tio n  o f  •fr'u.cbose'^^^
The p o ly sa c c h a rid e  (50 mg) was h y d ro ly s id e  w ith  0 .1  M 
s u lp h u r ic  a c id  ( l  ml) in  a  capped f l a s k ,  in  a  w a te r  h a th  a t  70°C, f o r  
1 h .  The h y d ro ly s a te  was coo led  and n e u t r a l i s e d  w ith  s a tu r a te d  
harium  h y d ro x id e  s o lu t io n  u s in g  hromothymol b lu e  as  in d i c a to r .  The 
n e u t r a l  s o lu t io n  was a d ju s te d  to  g iv e  an  e th a n o l c o n c e n tra tio n  o f  80^ 
(v ;v )  ( to  remove unhydro lysed  p o ly sa c c h a rid e  and barium  s a l t s )  and 
c e n t r i f u g e d  a t  300 g f o r  10 m in. The su p e rn a ta n t was c o n c e n tra te d  a t  
red u ce d  p r e s s u r e .
V E 5 The b o ro h y d rid e  re d u c tio n  o f  a m onosaccharide, o l ig o s a c c h a r id e  
o r  a  h y d ro ly se d , m e th y la ted  p o ly sa c c h a rid e ^ ^ ^
The m onosaccharide, o lig o sa c c h a r id e  o r h y d ro ly sed , m e th y la ted  
p o ly s a c c h a r id e  (5 mg) was d is s o lv e d  in  w a te r (5 ml) and sodium b o ro ­
h y d r id e  (50 mg) was added. The r e a c t io n  was a llow ed  to  evo lve 
hyd rogen  gas a t  room te m p era tu re  f o r  2 h .  A f te r  tre a tm e n t w ith  IR 120 
(h”*^  r e s i n  to  d e s tro y  th e  b o ro h y d rid e , and e v a p o ra tio n  to  d ry n ess  m  
v acu o , b o r ic  a c id  was removed by s ix  c o n secu tiv e  c o d i s t i l l a t i o n s  w ith  
m e th a n o l. The r e s u l t i n g  s o lu t io n  was th e n  ev ap o ra ted  to  d ry n ess  in  
v a c u o .
V E 6 The p re p a ra t io n  o f d im e th y lsu lu h in y l c a rb a n io n .
The ca rb a n io n  was p rep a red  by a s l i g h t  m o d if ic a tio n  o f  th e
- 92
m ethod o f  S andford  c t  a l .
In to  a  d ry , 300 ml th re e -n e c k e d , round-bottom ed f l a s k  c o n ta in in g
a  m ag n e tic  s t i r r i n g  b a r  («Teflon* coated) sodium h y d rid e  (55f« co a ted
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w ith  m in e ra l o i l )  ( I .5  g) was w eighed. The h y d rid e  was washed
th r e e  tim es  hy s t i r r i n g  w ith  30 ml p o r t io n s  o f  n—pen tane  (V E 1 (e ))  
and d e c a n tin g  th e  w ash. A f te r  th e  t h i r d  wash, th e  f l a s k  was f i t t e d  
w ith  a  therm om eter and a  s to p p e re d  condenser, and th e  r e s id u a l  
n —p en tan e  was removed hy  s u c c e s s iv e  e v a c u a tio n s , th rough  a  co a rse  
a i r  b le e d  in s e r t e d  in to  one neck o f th e  f l a s k ,  by  a  vacuum pump.
A f te r  each e v a c u a tio n  th e  f l a s k  was re g a sse d  w ith  d ry  n i t r o g e n  g a s . 
When th e  h y d rid e  app ea red  t o t a l l y  d ry  th e  s to p p e r  was removed from  th e  
co n d en ser and d ry  n i t ro g e n  was p assed  c o n t in u a l ly  th ro u g h  th e  f l a s k  
v ia  th e  a i r  b le e d .  U sing a hypoderm ic sy r in g e  d im e th y lsu lp h o x id e  
(15 ml) (V E 1 (b ))  was t r a n s f e r r e d  to  th e  f l a s k .  The f l a s k  was 
p la c e d  on a  h e a t in g  b lo c k  and s t i r r e d  a t  50°G u n t i l  th e  s o lu t io n  
became c l e a r  and g reen  and e v o lu tio n  o f  hydrogen gas cea sed  (c .
40 min) . The c o n c e n tra tio n  o f  th e  ca rb an io n  in  d im ethy l su lp h o x id e  
s o lu t i o n  was de te rm in ed  by w ithdraw ing  an  a l iq u o t  (1 ml) and t i t r a t i n g  
i t  a g a in s t  0 ,1  M h y d ro c h lo r ic  a c id  in  aqueous s o lu t io n .
V E 7 M é th y la tio n  o f  -po lysaccharides by th e  Hakomori method^'^
The p o ly sa c c h a r id e  was d r ie d  vacuo a t  35°C f o r  2 days b e fo re
u s e .  The p o ly sa c c h a r id e  (£ . 10 mg) in  a 28 ml (1 oz) M cCartney
b o t t l e  was d is s o lv e d  in  d im ethy lsu lphox ide  (d .m .s .o )  (3 ml) . Dry 
n i t r o g e n  was f lu s h e d  th ro u g h  th e  b o t t l e  and a  2 M s o lu t io n  o f  
c a rb a n io n  (V E 6) in  d .m .s .o .  (2 ml) was added dropw ise from a  s y r in g e . 
The r e s u l t i n g  g e la t in o u s  p r e c ip i t a t e  was a g i ta te d  in  an  u l t r a s o n ic  
b a th  (40 KHz) f o r  1 h .  The s o lu t io n  was th e n  kep t a t  room te m p era tu re
f o r  6 h .
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M eth y lio d id e  (V E l ( c )  (0 ,2  ml) was added dropw ise w ith  c o o lin g , 
b y  ta p  w a te r , and a g i t a t e d  in  th e  u l t r a s o n ic  b a th  f o r  20 m in.
F u r th e r  ca rb a n io n  (2 ml) was added and a g a in  th e  s o lu t io n  was 
u l t r a s o n ic a t e d  f o r  1 h and allow ed  to  s ta n d  a t  room te m p era tu re  fo r  
6 h .
M eth y lio d id e  (V E 1 (c) (0 .2  ml) was a g a in  added dropw ise w ith  
c o o l in g ,  by  ta p  w a te r , and a g i ta te d  in  th e  u l t r s o n i c  b a th  f o r  20 m in.
F u r th e r  ca rb an io n  (2 ml) was added and a g a in  th e  s o lu t io n  was 
u l t r a s o n ic a t e d  f o r  1 h and a llow ed  to  s ta n d  a t  room te m p e ra tu re  f o r  
6 h .
The r e a c t io n  was te rm in a te d  by  th e  a d d i t io n  o f excess m ethyl 
io d id e  (2 ml) w ith  c o o lin g , by ta p  w a te r , and th e  s o lu t io n  was a g a in  
a g i t a t e d  f o r  20 m in.
The s o lu t io n  was poured in to  w ate r ($0 ml) and d ia ly s e d  a g a in s t  
ru n n in g  ta p  w a te r  f o r  2 days and a g a in s t  d i s t i l l e d  w a te r  f o r  2 d ay s .
V E 8 H y d ro ly s is  o f  a m eth y la ted  p o ly sa c c h a rid e
88(a) U sing 90^ form ic a c id
The m e th y la ted  p o ly sa c c h a rid e  (2-10 mg) was p la c e d  in  a
25 ml round-bo ttom ed  f l a s k  and a p ie c e  o f  *D ri-co ld*  s o l id  carbon
d io x id e  was added and a llow ed  to  ev ap o ra te  g iv in g  an atm osphere o f  
ca rb o n  d io x id e .  90^  fo rm ic  a c id  ( l  ml p e r  3 mg o f  p o ly sa c c h a rid e )  
v/as added and th e  capped f la s k  was h ea ted  a t  100 C on a  w a te r  b a th
f o r  10 h .  The f l a s k  was th e n  opened and w a te r ( l5  ml) was added and
th e  open f l a s k  was h e a te d  a t  100°C f o r  2 h .  The p rod u c t was 
e v a p o ra te d  to  d ry n ess  and c o d i s t i l l e d  s ix  tim es w ith  m ethanol (lO ml 
a l i q u o t s ) .  The f i n a l  s o lu t io n  was evap o ra ted  to  d ry n e ss .
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( t )  U sing  72^ s u lp h u r ic  a c id ^ ^^
The m e th y la ted  p o ly sa c c h a rid e  (5 mg) was p la c e d  in  a  25 ml 
round-bo ttom ed  f l a s k  and co ld  72^ s u lp h u r ic  a c id  (1 ml) was added and 
th e  r e a c t io n  was l e f t  a t  room te m p e ra tu re  f o r  1 h .
W ater (8 ml) was th e n  added • The f l a s k  was capped, and 
h e a te d  on a  w a te r  b a th  a t  lOO^C f o r  5 h .  The m ix tu re  was co o led , 
n e u t r a l i s e d  w ith  barium  ca rb o n a te  and f i l t e r e d  a t  reduced  p r e s s u re .
V E 9 A c é ty la t io n  o f  a reduced , h y d ro ly sed , m e th y la ted  p o ly s a c c h a r id e ^^
The red u ced , h y d ro ly sed , m e th y la ted  p o ly sa c c h a rid e  was t r e a t e d  
w ith  a c e t i c  a n h y d rid e : p y r id in e  (V E 1 ( f ) )  (1 :1  v :v ) (1 ml p e r  mg 
o f  s t a r t i n g  m a te r ia l)  and h ea ted  a t  100°C on a  steam  b a th , f o r  10 min, 
u n d e r anhydrous c o n d i t io n s .  The a c é ty la t io n  m ix tu re  was ev ap o ra ted  
t o  d ry n e ss  and d is s o lv e d  in  ch loroform  (V E l ( a ) ) .
Y E 10 The p re p a ra t io n  o f a d ex tra n ase  from P é n ic il l iu m  l i la c in u m
( l .M.I . 79197)114
The organism  was o b ta in ed  a s  an a g a r  s lo p e  c u l tu r e  from The 
Commonwealth M ycolog ical I n s t i t u t e ,  Kew, S u rrey . I t  was mixed w ith  
a  l i t t l e  s t e r i l e  w a te r and looped onto  p la te s  o f  medium M5. The 
p l a t e s  were in c u b a ted  a t  25°C f o r  5 days and th e n  s to re d  a t  4°C.
The o rgan ism  rem ained  v ia b le  f o r  up to  one month.
S tab s  o f  th e  m ycelia  were suspended in  s t e r i l e  w a te r  ( l  ml) 
and  by  th e  te c h n iq u e  o f  s t e r i l e  pou ring  t h i s  was t r a n s f e r r e d  to  th r e e  
500 ml f l a s k s  each c o n ta in in g  medium M6 (IOO ml) . The f la s k s  were 
in c u b a te d  a t  25^0 f o r  4 days w ith  o r b i t a l  sh ak in g .
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The moulds were seen  to  grow as  s p h e r ic a l  f l o a t in g  c o lo n ie s  in  
th e  medium, and c u l tu r e s  were t r a n s f e r r e d  hy s t e r i l e  p o u rin g  in to  
s i x  500 ml f la s k s  each c o n ta in in g  medium M6 (200 ml) • These f l a ^ s
w ere in c u b a te d  a t  25^0 f o r  7 days w ith  o r b i t a l  sh ak in g .
The c u l tu r e  f l u i d  was f i l t e r e d  th ro u g h  g la s s  wool a t  reduced  
p r e s s u re  and th e n  th ro u g h  a  Whatman No.3 p ap er to  remove th e  in s o lu b le  
m a te r i a l .  The brown f i l t r a t e  was c e n tr ifu g e d  a t  1000 g f o r  I 5 m in. 
The s u p e rn a ta n t was decan ted  o f f  and_made .005 M w . r . t .  sodium c i t r a t e ,  
and  th e  pH was a d ju s te d  to  pH 6 .0  w ith  c i t r i c  a c id .
The crude d e x tra n a se  s o lu t io n  was d ia ly s e d  a g a in s t  b u f f e r  B7 
(6 X 41) and s to re d  a t  4°C under a  la y e r  o f  to lu e n e  A.R. The enzyme 
s o lu t io n  was l a t e r  f r e e z e - d r ie d .
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CHAPTER VI EXPERIMENTAL
VI A _ The p o ly sa c c h a r id e  e la b o ra te d  by S . mutans GS-3
VI A 1 The p ro d u c tio n , e x t r a c t io n  and p u r i f i c a t i o n  o f  th e  p o ly sa c c h a rid e
The p o ly sa c c h a rid e  was produced e x t ra c te d  and p u r i f i e d  as  d e sc r ib e d  
(V E 2 and V E 3) • The y ie ld s  a re  shown in  t a b le  I I  1.
VT A 2 A cid h y d ro ly s is  a t  optimum c o n d itio n s  f o r  th e  p ro d u c tio n  o f
g lu c o se  from GS—5 H p o ly sa c c h a rid e ^ ^^
The p o ly sa c c h a r id e  (25 mg) was h y d ro ly sed  (V E 4 ( a ) ) .  A f te r  
n e u t r a l i s a t i o n  h a l f  th e  p roduct was su b je c te d  to  p ap e r chrom atography 
in  s o lv e n t  (d) and p ap er e le c tro p h o re s is  in  b u f f e r  (a) •
The rem a in in g  h a l f  o f  th e  p roduct was reduced  (V. E 5) and th e  
red u ce d  p ro d u c t was d is s o lv e d  in  w ate r (0 .5  ml) and su b je c te d  to  e l e c t r o ­
p h o r e s is  in  b u f f e r  (b) . S ta in in g  re a g e n t (a) was employed th ro u g h o u t. 
The r e s u l t s  a re  ta b u la te d  in  t a b le  VI 1.
T ab le  VI 1 A cid h y d ro ly s is  o f  th e  g lu c o s id ic  lin k a g e s  o f  GS-5 B po ly ­
sa c c h a rid e  -  Paper chrom atography and e le c tro p h o re s is  o f  th e  
p ro d u c t and reduced product
so lv e n t o r  I n te n s i ty  w ith
_________________  b u f f e r  system _______ Value • s t a in in g  re a g e n t (a)
^  p ro d u c t so lv e n t (d) 1.01 5+
M^ p ro d u c t b u f f e r  (a) 1*00 5+
red u ced  p ro d u c t b u f f e r  (b) 0»99 3+
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VI A 3 A cid h y d ro ly s is  a t  optimum c o n d itio n s  f o r  th e  product  ion  o f 
f r u c to s e  from GS—3B p o ly sacc h a rid e^
The p o ly sa c c h a rid e  (50 mg) was h y d ro ly sed  (V E 4 ( h ) ) .  A f te r  
n e u t r a l i s a t i o n  and rem oval o f  unhydro lysed  p o ly sa c c h a r id e  and harium  
s a l t s ,  th e  hydro ly s a te  was c o n c e n tra te d  and h a l f  th e  p ro d u c t was 
s u b je c te d  to  p ap e r chrom atography in  so lv e n t (d) and p ap e r e l e c t r o ­
p h o re s is  in  b u f f e r  (a) •
The rem a in in g  h a l f  o f  th e  p roduct was reduced  (V E 5) and th e  
re d u c e d  p ro d u c t was d is so lv e d  in  w ate r (0 ,5  ml) and su b je c te d  to  e l e c t r o ­
p h o re s is  in  b u f f e r s  (a) and (b) . S ta in in g  re a g e n ts  (a) and (e) 
( s p e c i f i c  f o r  ketohexoses^^^) were employed.
The r e s u l t s  a r e  ta b u la te d  in  ta b le  VT 2 .
T ab le  VI 2 A cid h y d ro ly s is  o f th e  f r u c to s id ic  l in k a g e s  o f  GS-3B
p o ly sa c c h a r id e  -  P aper chrom atography and e le c tro p h o re s is  
o f  th e  p roduct and th e  reduced p roduct
S o lven t o r  b u f fe r  Value 
system
I n te n s i ty
S ta in in g
re a g e n t
(a)
S ta in in g
re a g e n t
(e )
p ro d u c t so lv e n t (d) 1.00 +
s o lv e n t (d) 1.27 4+
2 ^  p ro d u c t b u f f e r  (a) 1.00 Trace
b u f f e r  (a) 0 .91 3+
Mg red u ce d  
p ro d u c t
b u f f e r  (b) 1.00 2+
^  red u ce d b u f f e r  (a) 0 .83 2+
p ro d u c t b u f f e r  (a) 0 .92 +
2+
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VI A 4. C om position o f  GS-5 B p o ly sa c c h a rid e
Ash, n i t ro g e n  (p ro te in )  and m o is tu re  c o n te n ts  
These were determ ined  hy  A. B ernhard t on re q u e s t and a re  
t a b u la te d  in  t a b le  I I  2 ,
( t )  The t o t a l  ca rb o h y d ra te  co n ten t
A s o lu t io n  o f  th e  p o ly sa c c h a r id e  (8 3 .3  yUg) in  w a te r (1 ml)
was p re p a re d .
The ca rb o h y d ra te  co n ten t o f  th e  p o ly sa c c h a r id e  s o lu t io n  was 
d e te rm in e d  by  th e  method o f  Dubois e t  a l^ ^ ?  (V D 2) .
From th e  a b so rb a n c e s  o b ta in ed  ( ta b le  VI 3) and by  com parison w ith  
a  s ta n d a rd  g raph  ( f ig u re  VI l)  based  upon g lu c o se , th e  ca rb o h y d ra te  
c o n te n t  o f  th e  p o ly sa c c h a r id e , exp ressed  as  a  p e rc e n ta g e  in  t a b le  I I  2, 
was o b ta in e d .
T ab le  VI 3 The carb o h y d ra te  co n ten t o f GS-3B p o ly sa c c h a rid e
V o l. o f  p o ly ­
s a c c h a r id e  s o ln .  
(ml)
V ol. o f  
w ate r 
(ml)
Absorbance Wt. o f  
carbo— 
h y d ra t e 
( e x p t.  )
Wt. o f  
carbo— 
h y d ra t e 
( th e o re t
( / s )
Carbo­
h y d ra te  
con t en t 
ic a l )  %
0 .5 0 .5 .297 41 41 .7 98^
1.0 0 .575 80 83.3 96^
0 1.0 Reagent b lan k
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(c) The f r u c to s e  co n ten t
A s o lu t io n  c o n ta in in g  th e  p o ly sa c c h a rid e  ( l« 7  mg) in  w a te r  
(2 ml) and a  s o lu t io n  o f  B etacoccus de x tra n  (Glaxo and Co. L td .)  o f  
e q u a l c o n c e n tra t io n  were p re p a re d .
The f r u c to s e  co n ten t o f  th e  p o ly sa c c h a r id e  s o lu t io n  was th e n  
d e te rm in e d  hy th e  a lc o h o l ic  an th ro n e  method o f  Wise c t  ad (V D 5) •
The r e s u l t s  o b ta in e d  a re  l i s t e d  in  t a b l e  VI 4 and th e  f r u c to s e  c o n te n t,  
e x p re s se d  a s  a  p e rc e n ta g e  i s  shown in  t a b le  112.
T ab le  VI 4 The f ru c to s e  co n ten t o f  GS—3 B p o ly sa c c h a r id e
S o lu tio n A bsorbance( c ) - f a )
A bsorbance 
( a ) - ( c )
Average
A bsorbance
(a) GS-5 B p o ly sa c c h a rid e  
s o ln .
0.287 0 .2 8 2 0 .285
(t) S ta n d a rd  d e x tra n  s o ln . 0.024 0.023 0.024
(c) S ta n d a rd  f ru c to s e  s o ln . 0.733 0.735 0.734
(d) The g lu co se  co n ten t
The GS-5 B p o ly sa c c h a rid e  (5 0 .9  ë) was s u b je c te d  to  a c id  
h y d ro ly s is  and th e  g lucose  re le a s e d  was d e term ined  a s  d e s c r ib e d  
(V I) 4 (b ))  . Two s ta n d a rd s  o f  g lu co se  A.R. (4^*7 g  and 4 2 .8  g) 
w ere  s im i l a r l y  t r e a t e d .  The r e s u l t s  o b ta in e d  a r e  shown in  t a b le  
VI 5 . The g lu c o se  c o n te n t, ex p ressed  a s  a  p e rc e n ta g e  in  t a b l e  I I  2 , 
was c a lc u la te d  by  com parison w ith  a  s ta n d a rd  cu rve b ased  upon g lu c o se
( f ig u r e  VI 2) .
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Ta~ble VI 3 The g lu co se  co n ten t o f  GS-5 B p o ly sa c c h a rid e 436
C arbohydrat e w eight
g A bsorbance
GS-5 B p o ly sa c c h a rid e 30 .9 .226
G lucose s ta n d a rd  1 4 8 .7 .210
G lucose s ta n d a rd  2 42 .8 .184
(e) The o p t i c a l  r o ta t io n
The o p t i c a l  r o ta t io n  o f  th e  p o ly sa c c h a r id e  was d e term ined  in  
M sodium  h y d ro x id e  as  d e sc r ib e d  (V C 5) • The v a lu e s  o f  th e  observed  
r o t a t i o n  and th e  c o n c e n tra tio n  a re  g iven  in  t a b le  71 6 and th e  v a lu e  
o f  th e  s p e c i f i c  r o t a t i o n  i s  g iven  in  t a b le  I I  2 .
T ab le  7T 6 The o p t ic a l  r o ta t io n  o f  th e  GS-5 B p o ly sa c c h a r id e
C o n c e n tra tio n O bserved r o ta t io n S p e c i f ic  r o ta t io n
g / 100 ml a ' [ a ] j 5  ( 0 ..9 9 5  M
moH)
0 .995 +1.680 + 169°
VI A 3 The p ro to n  n .m .r .  spectrum  o f  GS-5 B -po lysaccharide
The p o ly sa c c h a r id e  (100 mg) was d is s o lv e d  in  th e  minimum 
volume (jc. 1 .0  ml) o f  deu terium  oxide and a llow ed  to  s ta n d  f o r  13 m in ., 
in  a  c le a n  round-bo ttom ed f l a s k  f i t t e d ,  u s in g  a  minimum o f  vacuum 
g re a s e ,  w ith  a  s to p co ck . The sample was th e n  f r e e z e - d r ie d .  T his was 
r e p e a te d  tw ic e ,  and th e  sample was th e n  d is s o lv e d  in  deu terium  ox ide
( £ .  1 .0  ml) •
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The s o lu t io n  (^ ,  1,0 ml) was th e n  f i l t e r e d  th ro u g h  a  M ill ip o re  
f i l t e r  in to  a  n .m .r .  tu b e  and th e  spectrum  was o b ta in e d  on a  V arian  
A60 1L w ith  an  e x te r n a l ,  c a p i l l a r y  h e ld , s ta n d a rd  o f  h .m .d .s .  
(h é x a m e th y ld is ila n e )  .
The spectrum  o b ta in e d  i s  shown in  f ig u r e  VI 3*
VI A 6 The in f r a r e d  spectrum  o f  GS-3 B p o ly sa c c h a rid e  in  th e  re g io n  
1000 — 600 cm ^
The in f r a r e d  . spectrum  o f  GS-3 B p o ly sa c c h a r id e , in  th e  re g io n  
1000 cm -  600 cm was o b ta in ed  u s in g  a  P e rk in  Elmer P .E . 323 
i n f r a r e d ,  sp e c tro p h o to m e te r . The sam ple, as  a  n u jo l  m u ll, was h e ld  
betw een  p o ta ss iu m  brom ide p l a t e s .  The spectrum  o b ta in e d  i s  shown 
i n  f ig u r e  VI 4*
VT A 7 The m é th y la tio n  o f  GS-3 B p o ly sa c c h a rid e
92(a) I n i t i a l  m é th y la tio n  o f GS-3 B p o ly sa c c h a rid e
The p o ly sa c c h a rid e  (430 mg) , d r ie d  m  vacuo a t  30°C f o r  
3 d ay s , was d is s o lv e d  in  d ry  d i s t i l l e d  d im eth y lsu lp h o x id e  (50 ml)
(V E 1 (b )) in  a  th re e -n e c k e d , round-bottom ed f l a s k ,  c o n ta in in g  a 
g la s s - c o a te d  m agnetic  s t i r r i n g  b a r ,  f i t t e d  w ith  a  r e f lu x  condenser, 
a  the rm om eter, and a  co arse  a i r  b le e d  th ro u g h  which d ry  n it ro g e n  gas 
was p a s s e d .
The f l a s k  was warmed s l i g h t l y  (_c. 30 C) to  a id  th e  d is s o lu t io n
o f  th e  p o ly s a c c h a r id e .
A f te r  c o o lin g  to  room te m p era tu re , a  2 M s o lu t io n  o f  d im e th y l-  
s u lp h in y l  ca rb a n io n  (V E 6) in  d .m .s .o .  ( 10.5 ml) was added . A 
g re e n  g e l form ed im m ediate ly . The r e a c t io n  m ix tu re  was s t i r r e d  a t
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— NMR spectrum of GS-5 B polysaccharide
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room te m p e ra tu re  u n t i l  homogeneous (80 min) and was th e n  l e f t  to  
s ta n d  a t  room te m p era tu re  f o r  8 h .
To ach iev e  m é th y la tio n , th e  p o ly sa c c h a rid e  a lk o x id e  was coo led  
to  20 C in  ic e  w ater and m ethyl io d id e  (3 ml) (V E 1 (c ))  was added 
to  th e  s o lu t io n  a t  such a  r a te  th a t  th e  te m p era tu re  d id  n o t r i s e  
above 25 C. The r e a c t io n  m ix tu re  was s t i r r e d  u n t i l  th e  s o lu t io n  
became c l e a r  and th e  v i s c o s i ty  was m arkedly reduced  (lO m in )•
The s o lu t io n  was poured in to  w ater (100 ml) and d ia ly s e d  a g a in s t  
ru n n in g  ta p  w a te r  (2 days) and a g a in s t d i s t i l l e d  w ate r (2 days) .
The p ro d u c t was e x tra c te d  w ith  chloroform  (3 x 50 ml) and th e  
e x t r a c t s  were ev ap o ra ted  to  d ryness a t  reduced  p re s s u re .  The d ry  
p ro d u c t was suspended in  w ater and f r e e z e - d r ie d .  This gave a  
p ro d u c t w ith  s u p e r io r  h an d lin g  p ro p e r t ie s  bu t in v o lv ed  an  a p p re c ia b le  
h a n d l in g  l o s s .  The f r e e z e -a c id  p roduct was f u r th e r  d r ie d  ^  vacuo 
a t  50^C o v er phosphorous p en to x id e .
The whole p rocedu re  was re p e a te d  tw ic e  w ith o u t th e  e x t r a c t io n  o f 
th e  p ro d u c t .  The methoxyl co n ten ts  were o b ta in ed  and th e  i n f r a r e d  
s p e c t r a  in  th e  re g io n  4000 cm" -  2500 cm were in v e s t ig a te d  f o r  th e  
p ro d u c ts  o f  th e  v a r io u s  s ta g e s  in  th e  m é th y la tio n  p ro ced u re .
19(b) F u r th e r  m é th y la tio n  o f GS-5 B n o ly sa c c h a rid e  ^
The ap p a ra tu s  a s  shown ( f ig u re  VI 5) was t e s t e d ,  u s in g  a 
vacuum ga^ige, to  ensu re  th a t  i t  was a i r  t i g h t .  S topper 2 was
removed and th e  a p p a ra tu s  was f lu sh e d  w ith  d ry  n i t ro g e n  gas f o r  5 m in. 
S to p p e r  2 was re p la c e d  and th e  system  was evacu a ted . The a p p a ra tu s  
was * flam ed* by  p a s s in g  a  ho t bunsen flam e over a l l  th e  o u te r  
s u r f a c e s  to  remove any  w ate r adsorbed to  th e  w a lls  o f th e  a p p a ra tu s .
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Sodium h y d rid e  (80 mg) (a 55^  d is p e r s io n  in  m in e ra l o i l )  was 
th e n  washed w ith  n—p en tan e  (20 ml) (V E 1 (e)) and th e  n—pen t an e was 
d e c a n te d  o f f .  The w ashing p ro cess  was re p e a te d  th r e e  tim es and 
w ith  d ry  n it ro g e n  gas flo w in g  th rough  th e  r e a c t io n  v e s s e l ,  th e  
s l u r r y  o f  sodium h y d rid e  in  n -p en tan e  was added v ia  a  fu n n e l in s e r te d  
in  th e  p la c e  o f  s to p p e r  1• S topper 1 was re p la c e d , th e  su sp en sio n  
was s t i r r e d  w ith  a  m agnetic s t i r r i n g  "bar, and th e  system  was 
e v a c u a te d , th u s  pumping away th e  excess n -p e n ta n e . The r e a c t io n  
v e s s e l  was th e n  a l t e r n a t e l y  and re p e a te d ly  f lu s h e d  w ith  d ry  n it ro g e n  
and ev acu a ted  (6 — 10 tim es) • F in a l ly  d ry  n i t ro g e n  gas was allow ed  
t o  flo w  c o n t in u a l ly  and s to p p e r  2 was re p la c e d  hy a  ca lc ium  c h lo r id e  
d ry in g  tu b e .
A c le a n  com p le te ly  d ry  f l a s k  was f lu sh e d  w ith  d ry  n i t r o g e n .
The p a r t i a l l y  m e th y la ted , f r e e z e -d r ie d  p o ly sa c c h a rid e  (200 mg) 
(m ethoxyl c o n te n t = 38. 4^  [ c o r re c te d ] )  was d r ie d  ^  vacuo a t  f o r
5 days and was th e n  p la c e d  in  th e  f l a s k  and d is s o lv e d  in  d im e th y l-  
su lp h o x id e  (25 ml) (V E 1 (h )) w ith  g e n t le  warming. The s o lu t io n  
was th e n  added , v ia  a fu n n e l in s e r te d  in  th e  p la c e  o f  s to p p e r  1 , 
a g a in s t  a  c o u n te r  flow  o f  d ry  n itro g e n  g as , to  th e  r e a c t io n  v e s s e l .  
The te m p e ra tu re  was r a is e d  to  5^ C and th e  r e a c t io n  m ix tu re  became 
brow n in  c o lo u r  and a  g e l was form ed. The r e a c t io n  m ix tu re  was th e n
s t i r r e d  a t  room tem p era tu re  fo r  15 h . The f l a s k  was coo led  in  ic e
w a te r  u n t i l  th e  c o n te n ts  f ro z e  and m ethyl io d id e  (0 .6  ml) (V E 1 (c ))  
was added d ro p w ise . The s t i r r i n g  was con tinued  a t  20 -  25°C f o r
15 h .
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Fig, VI 5 The apparatus for the further méthylation of GS-5 B polysaccharide
CaCl guard tube
s to p p e r  2dry nitrogen line >
nitrogen cylinder and bubble 
counter (glycerol) and moleculai 
sieve (4A ) tower and tube
\ and vent
s to p p e r  1
vaccuum suppl; 
2 l i q u i d  airV, 
t r a p s  to  an
Edwards h ig h  
vacuum pump
heating and stirring block
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The c o n te n ts  o f  th e  r e a c t io n  v e s s e l  were poured in to  d i s t i l l e d  
w a te r  (50 ml) and th e  p roduct was d ia ly s e d  a g a in s t  d i s t i l l e d  w ater 
(3 1) f o r  12 h . The d ia ly s i s  w ater was c o n c e n tra te d  to  10 ml 
vacuo and th e  carb o h y d ra te  co n ten t o f  th e  c o n c e n tra te  was 
d e te rm in ed  by  th e  p h e n o l-su lp h u ric  a c id  method (v  D 2 ) .  The 
c o n c e n tra te d  d ia ly s i s  w ater was su b je c te d  to  p aper chrom atography in  
s o lv e n t (a) .
The m e th y la ted  p roduct was d ia ly se d  a g a in s t  ru n n in g  ta p  w ate r 
f o r  48 h , d ia ly s e d  a g a in s t d i s t i l l e d  w ater f o r  48 h and e x t ra c te d  
w ith  c o ld  ch lo ro fo rm  (3 x 50 ’ ml) • The ch loroform  e x t r a c ts  were 
e v a p o ra te d  to  d ry n ess , suspended in  w ater and f r e e z e - d r ie d .  The 
m ethoxyl c o n te n t o f  th e  p roduct was determ ined  and th e  i n f r a r e d -  
sp ec trum  in  th e  re g io n  4OOO cm -  25OO cm was o b ta in e d .
The whole r e a c t io n  was re p e a te d  th r e e  tim e s , o m ittin g  th e  
e x t r a c t io n  s te p s ,  and a t  th e  end o f  each m é th y la tio n  c y c le  any 
e x c e ss  m ethyl io d id e  was removed by ev acu a tin g  th e  system  and 
pumping o f f  th e  iodom ethane. The f i n a l  m é th y la tio n  was te rm in a te d  
by  th e  a d d i t io n  o f  m ethyl io d id e  (6 m l).
The in f r a r e d  spectrum  o f th e  f i n a l  p roduct in  th e  re g io n  
4000 cm”  ^ -  2500 cmT  ^ was o b ta in ed  u s in g  a  P e rk in  Elmer P .E . 325 
sp e c tro p h o to m e te r  w ith  a  d ry  atm osphere c i r c u la t io n  system . The 
sam ples were p rep a red  as  potassium  c h lo rid e  d is c s .
The f a t e  o f  th e  m é th y la tio n  product a t  each s te p  in  th e  m é th y la tio n  
p ro c e s s  and th e  re le v a n t  methoxyl co n ten ts  a re  shown in  f ig u r e  VT 6 . 
The i n f r a r e d  s p e c tr a  o f  th e  p roducts  o f  each m é th y la tio n  s te p  a re
shown in  f ig u r e  VI 7»
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F ig u re  VI 6 The m é th y la tio n  o f  GS-5 E p o ly sa c c h a rid e  — F a te  o f  th e  
m e th y la ted  p roduct
GS-5 B p o ly sa c c h a rid e
450 mg m ethoxyl co n ten t =
1 s t m é th y la tio n
I n i t i a l  
m é th y la t io n  
VI A 7 (a )
F u r th e r  
^  m é th y la t io n  
VI A 7(b)
r 400 mg
370 mg
2nd m é th y la tio n
1
30 mg m ethoxyl d e te rm in a tio n s  
m ethoxyl co n ten t = 36^
230 mg
I______ — ?  )
200 mg 30 mg —» m ethoxyl d e te rm in a tio n s  
m ethoxyl co n ten t = 38 . 4^
3 rd  m é th y la tio n
130 mg
4 th  m é th y la tio n
80 mg
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Fig. VI 7 The infrared spectrum in the 4000 cm"'-2500 cm"' region
of the products of the various stages of the méthylation of GS-5 B
polysaccharide
3500 2 9  5 0 2840 cm
-1
native polysaccharide
1st méthylation
2nd méthylation
3rd méthylation
s,
4th méthylation
r
(
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^ Hydr o ly s i s  o f m ethylateA  GS—5 B p o ly sa c c h a r id e ^
S ix  sam ples o f m ethy la ted  GS-5 B p o ly sa c c h a rid e  were 
h y d ro ly se d  V E 8 (a) f o r  p e rio d s  o f 6 , 7 . 5 , 8 . 5 , 10, 12 and 24 h o u rs .
V I .A 9 Reduction of hydrolysed, methylated GS-5 B polysaccharide^^^
The h y d ro ly sed , m ethy la ted  GS—5 B p o ly sa c c h a r id e  sam ples were 
red u ce d  as  d e sc r ib e d  (V E 5) .
y i  A 10 A c é ty la tio n  o f reduced , h y d ro lysed , m e th y la ted  GS-5 B
' p o ly sa c c h a r id e ^^
The reduced , hyd ro lysed , m ethy la ted  GS-5 B p o ly sa c c h a rid e  . 
sam ples were a c e ty la te d  as d e sc rib e d  (V E $) .
VI A 11 A n a ly s is  o f a c e ty la te d , reduced , h y d ro ly sed , m e th y la ted  
GS-5 B p o ly sacch arid e
The a c e ty la te d ,  reduced , hyd ro ly sed , m e th y la ted  GS-5 B 
p o ly s a c c h a r id e  sam ples were su b je c te d  to  g a s - l iq u id  chrom atography 
on a  m o d ified  P e rk in  E lm er-H itach i F11 RMS4 system  (se e  C hap ter V Il) .
The c o n d itio n s  employed were as fo llo w s;
G a s - l iq u id  chrom atography was perform ed u s in g  g la s s  columns (2M x 1 mm) 
packed  w ith  p ack in g  m a te r ia l  ( i)  (V A 5 ( a ) ) .  The c a r r i e r  gas was d ry  
h e liu m  and oven te m p era tu res  o f 130-220 C were employed.
The a l l - g l a s s  in te r f a c e  system  c o n s is te d  o f a  Matson Bieman s e p a ra to r  
( s e p a r a to r  te m p era tu re  = 210°C) and a h ea ted  p ip e  i n l e t  system  ( i n l e t
system  te m p e ra tu re  = 220 C) . ,
The mass sp ec tro m ete r was operated  a t  an io n is in g  p o te n t ia l  o f 
70 eV, w ith  a  s l i t  w id th  o f 2 mm, a  chamber te m p era tu re  o f 230-250°C 
and  a  scan  speed  o f 3 .
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The mass s p e c tr a  were reco rd ed  on d i r e c t  p r in t - o u t  p h o to g rap h ic  
p a p e r .  The r e l a t i v e  a re a s  under th e  peaks on th e  g as—liq u id  
chrom atography t r a c e  ( g . l . c .  t r a c e )  were determ ined  hy  t r a n s f e r r i n g  
th e  peaks onto  co n s ta n t d e n s ity  p ap er, c u t t in g  and w eigh ing . The
r e s u l t s  a r e  i l l u s t r a t e d  in  ta b le  VI 7 and f ig u r e  VI 8 . The 
chrom atogram  o f th e  10 h h y d ro ly s is  i s  shown in  f ig u r e  VI 9 and 
th e  r e t e n t io n  tim es o b ta in ed  from t h i s  chromatogram a re  g iv en  in  
t a b l e  VI 8 . The mass s p e c tra  co rrespond ing  to  th e  fo u r  m ajor peaks 
in  th e  chromatogram a re  shown in  f ig u re s  VI 10 -  VI 13.
■ VI A 12 The p a r t i a l  a c id  h y d ro ly s is  o f th e  GS-3 B p o ly sa c c h a rid e
(a) The p a r t i a l  a c id  h y d ro ly s is  o f GS-5 B p o ly sa c c h a rid e  
GS-5 B p o ly sacc h a rid e  (lOO mg) was h y d ro ly sed  w ith  O.5
M s u lp h u r ic  a c id  (IO ml) f o r  I .5 h a t  100°C on a  steam  b a th .  A
s ta n d a rd  d e x tra n  (D extran  T40, Sigma B iochem icals L td .)  was 
s im u lta n e o u s ly  hyd ro ly sed  in  a  s im ila r  manner.
The hydro ly s a te  was cooled , n e u t r a l is e d  w ith  barium  ca rb o n a te  
and  f i l t e r e d .  The r e s u l t in g  s o lu tio n  was d e io n ise d  w ith  IR 120(h ^  
and  IRA 400 (OH"0 r e s in s ,  s e q u e n tia l ly ,  and was ev ap o ra ted  to  
d ry n e s s .
H a lf  th e  p rod u c t was d is so lv e d  in  th e  minimum volume o f 
d i s t i l l e d  w a te r  and was su b jec ted  to  descending  paper chrom atography 
in  s o lv e n t ( b ) .
The rem ainder o f th e  product was d is so lv e d  in  d i s t i l l e d  w ate r 
(5 ml) and reduced  u s in g  th e  borohydride re a g e n ts  (V E 5) •
F o llo w in g  tre a tm e n t w ith  IR 120 (H ) r e s in ,  c o d i s t i l l a t i o n  w ith  
m ethano l and ev a p o ra tio n  to  d ryness, th e  reduced  p roduct was d is s o lv e d  
in  th e  minimum volume o f w ater and was su b je c te d  to  descend ing  p aper
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chrom atography in  s o lv e n ts  (a) and (h) and p ap e r e le c tro p h o re s is  in  
b u f f e r  ( b ) . S ta in in g  re a g e n t (a) was employed th ro u g h o u t.
The r e s u l t s  a re  shown in  t a b le s  VI 9 -  VI 13.
The s e p a ra t io n  o f  th e  p ro d u c ts  o f  p a r t i a l  h y d ro ly s is  o f 
GS-5 B p o ly sa c c h a r id e
The p ro d u c t o f  th e  p a r t i a l  h y d ro ly s is  o f  GS-5 B p o ly sa c c h a r id e  
was s u b je c te d  to  p r e p a ra t iv e  p ap er chrom atography on Whatman Ho.3 p ap er 
in  s o lv e n t (b) (V A l ) . Three com ponents, compound 1, compound 2, and 
compound 3 were e lu te d  from th e  p ap e r (V A l)  and th e s e  compounds were 
r e  chrom atographed in  so lv e n t ( a ) .  Each compound gave o n ly  a  s in g le  
sp o t on rech rom atog raphy .
(c) The c h a r a c te r i s a t io n  o f  Compound 1
Component 1 was t r e a t e d  w ith  a c t iv a te d  c h a rc o a l and ev ap o ra ted  
t o  a  sy ru p .
The d eg ree  o f  p o ly m e risa tio n  o f  compound 1 was d e term ined  as  
d e s c r ib e d  (V D 7) •
427P r e p a r a t io n  o f  th e  g -o e n ta a c e ta te  o f Comoound 1
F re s h ly  fu se d  sodium a c e ta te  ( l5  mg) was mixed w ith  compound 1 
(ap p ro x  10 mg) and re f lu x e d  w ith  a c e t ic  anh y d rid e  (0 .2 5  ml) f o r  
40 m in u te s . The r e a c t io n  m ix tu re  was poured  onto  cru sh ed  ic e  ( l  ml) 
and  th e  s o lu t io n  n e u t r a l i s e d  (pH 6 .0 ) w ith  sodium b ic a rb o n a te .  The 
p r e c i p i t a t e d  a c e ta te  was f i l t e r e d ,  washed w ith  d i s t i l l e d  w a te r , 
c h a rc o a le d  from  e th a n o l and r e c r y s t a l l i s e d  from aqueous e th a n o l.  The 
m e lt in g  p o in t  o f  th e  c r y s t a l l i n e  p roduct and th e  mixed m e ltin g  p o in t 
w ith  an  a u th e n t ic  sam ple o f  g lucose  p -p e n ta a c e ta te ,  was de term ined  
( t a b l e  I I  7 ) .  '
T a b le VI 9 The p a r t i a l  h y d ro ly s is  o f  GS—3 B p o ly sa c c h a rid e  —
P aper chrom atography and deg rees o f p o ly m e ris a tio n  o f  th e  
■ p ro d u c ts
Chromatography so lv e n t (h) S ta in in g  re a g e n t (a)
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GS-5 B p o ly sa c c h a rid e S tan d a rd
d e x tra n *
d eg ree  o f  deg ree  o f  
p o ly m e r is a t io n p  o ly m e ris a tio n  
(e s tim a te d )  (V D 7)
& %
1 1 0 .9 7 0.291 0 .387 0 .9 7
 ^ 2 1 .8 0 .60 0 .180 0 .624 0 .6 4
3 2 .9 0 .2 7 0.081 0 .963 0 .3 6
4 - 0 .1 7 0.051 1.22 0 .19
5 - 0 .0 9 0.027 1.56 0 .09
6 - 0 .0 4 0 .012 1.92 0 .05
7 — 0 .0 2 0 .006 2.22 0 .02
T ab le  VI 10 The p a r t i a l  h y d ro ly s is  o f GS-5  B p o ly sa c c h a r id e  -
P aper chrom atography o f th e reduced  p ro d u c ts
Chrom atography so lv e n t (a) S ta in in g  re a g e n t (a)
GS-5 B p o ly sa c c h a rid e s ta n d a rd
d e x tra n *
deg ree  o f  
p o ly m e risa t ion  
(e s tim a te d )
£ g £p &
1 0 .91 0 .273 0 .4 3 0 .9 2
2 0 .55 0.165 0 .70 0 .5 6
3 0 .3 0 0.090 1.01 0 .31
4 0 .1 6 0 .048 1.30 0 .1 6
5 ' 0 .0 8 0 .024 1.67 0 .0 8
Dextran T40 (Sigma B iochem icals Ltd.)
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T ab le  VI 11 The p a r t i a l  h y d ro ly s is  o f  GS-5 B p o ly sa c c h a rid e  -  
P aper chrom atography o f th e  reduced  p ro d u c ts  
Chromatography so lv e n t (b) S ta in in g  re a g e n t (a)
GS-5 B p o ly sa c c h a rid e S tan d ard
d e x tra n *
d eg ree  o f
p o ly m e ris a tio n
(e s tim a te d ) £ g & £ g
1 0.90 0 .2 7 0.432 0 .9 3
2 0.51 0.15 0 .743 0 .5 2
3 0 .29 0.087 1.02 0 .30
4 0 .1 8 0 .054 1.24 0 .1 8
5 0.11 0.033 1.47 0.11  .
6 0 .0 7 0.021 1.67 0 .0 7
! 12 The p a r t i a l  h y d ro ly s is  o f  GS-5 B p o ly sa c c h a rid e  -
P aper e le c tro p h o re s is  o f  th e  reduced  p ro d u c ts -  P aper 1
E le c tro p h o re s is  b u f f e r  (b) S ta in in g  re a g e n t (a)
GS-5 B p o ly sa c c h a rid e S tan d ard
d e x tra n *
d eg ree  o f  
p o ly m e ris a tio n  
(e s tim a te d )
ly&S Ms
1 1.00 1.00 1.00
2 0 .7 8 1.28 0 .79
3 0 .6 3 1.59 0 .6 3
4 0 .5 4 1.85 0 .5 4
5 0 .4 7 2 .13 0 .4 7
6 0 .4 2 2 .38 0 .4 2
7 . 0 .39 2.56 0 .3 9
8 0 .3 6 2 .78 0 .3 6
D extran  T40 (Sigma B iochem ica ls L td .)
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T ab le  VI 13 The p a r t i a l  h y d ro ly s is  o f  GS-5 B p o ly sa c c h a rid e  -
X CJ.CU Vl'U pill
E le c tro p h o re s is
jre s iB  01 xne reau cea  proaucxs -  r a p e r  z  
b u f fe r  (b) S ta in in g  re a g e n t (a)
GS-5 B p o ly sa c c h a rid e S tan d ard
d e x tra n *
d eg ree  o f
p o ly m e risa tio n
(e s tim a te d ) %S, iÆ s %
1 1.01 0 .9 9 0 .99
2 0 .7 4 1.35 0 .7 4
3 0 .60 1.67 0 .6 0
4 0.51 1.96 0.51
5 0 .45 2.22 0 .45
6 0.41 2 .44 0.41
* D ex tran  T4O (Sigma B iochem icals L td .)
(d) The c h a r a c te r i s a t io n  o f  Compound 2
Compound 2 was t r e a te d  w ith  a c t iv a te d  c h a rc o a l and 
e v a p o ra te d  to  a  sy ru p .
The deg ree  o f  p o ly m e risa tio n  o f  compound 2 was de te rm in ed  as 
d e s c r ib e d  (V D 7 )•
P r e p a r a t io n  o f  th e  P—o c ta a c e ta te  o f  Compound 2
F re s h ly  fu se d  sodium a c e ta te  ( l5  mg) was mixed w ith  compound 2 
(a p p ro x . 10 mg) and re f lu x e d  w ith  a c e t ic  an hyd ride  (0 .2 5  ml) f o r  1 h .  
The r e a c t io n  m ix tu re  was poured onto crushed  ic e  ( l  ml) and th e  
s o lu t io n  was n e u t r a l i s e d  (pH 6 . 0) w ith  sodium b ic a rb o n a te .  The 
p r e c i p i t a t e d  a c e ta te  was f i l t e r e d ,  washed w ith  d i s t i l l e d  w a te r , 
c h a rc o a le d  from  e th a n o l and r e c r y s t a l l i s e d  from aqueous e th a n o l.  The 
m e lt in g  p o in t  o f  th e  c r y s t a l l i n e  p roduct and th e  mixed m e ltin g  p o in t
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w ith  an  a u th e n t ic  sample o f  iso m a lto se  P—o c ta a c e ta te  were de term ined  
( t a b l e  I I  7) .
(e) The c h a r a c te r i s a t io n  o f Compound 3
Compound 3 was t r e a te d  w ith  a c t iv a te d  c h a rc o a l and ev ap o ra ted  
to  a  s y ru p .
The deg ree  o f  p o ly m e risa tio n  o f compound 3 was de term ined  a s  
d e s c r ib e d  (v  D 7) ( ta b le  I I  7 ) .
VI A 13 The p a r t i a l  a c e to ly s is  o f GS-5 B p o ly sa c c h a r id e
(a) The p a r t i a l  a c e to ly s is  o f  GS-5 B p o ly sa c c h a r id e
GS-5 B p o ly sa c c h a rid e  ( 15O mg) and a  s ta n d a rd  o f  g lu co se  
A.R* (150 mg) were t r e a te d  w ith  a c e t ic  an h y d rid e :c o n e . s u lp h u r ic  a c id  
(1 0 0 :9  v :v ) ( l . 2  ml) w ith  co o lin g  in  an ic e - b a th .  The a c e to ly s is  
m ix tu re s  were k ep t a t  35-37°C f o r  32 h in  capped tu b e s ,  w ith  o c c a s io n a l 
s h a k in g  to  a s s i s t  com plete s o lu t io n .  The mixed a c e ta te s  were poured  
in to  ic e - c o ld  w a te r (20 m l), n e u t r a l i s e d  to  pH 7.1 -  7 .3  w ith  sodium 
b ic a rb o n a te ,  and l e f t  to  s ta n d  o v e r n i ^ t  and th e  a c e ta te s  were th e n  
e x t r a c te d  w ith  ch loroform  (3 x 20 ml) . The ch lo ro fo rm  e x t r a c t s  were 
w ashed w ith  s a tu r a te d  sodium b ic a rb o n a te  s o lu t io n  and d i s t i l l e d  w a te r 
and  were th e n  d r ie d  f o r  24 h over anhydrous sodium s u lp h a te .  The 
s o lu t io n s  were f i l t e r e d  and evapo ra ted  to  d ry n e s s .
D e a c e ty la t io n  was ach ieved  w ith  sodium m etal and 'su p e rd ry #  
m ethanol (V E 1 ( d ) ) .  The s o l id  re s id u e s  were d r ie d  over conc. 
s u lp h u r ic  a c id  in  a  d e s ic c a to r  fo r  24 h r  and were t r e a te d  w ith  a  sm all 
p ie c e  o f  c le a n  sodium m etal in  #superdry# m ethanol (2 m l) . The 
r e a c t io n  was l e f t  a t  4°C f o r  24 h . The w h ite  p r e c i p i t a t e s  th a t
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form ed w ere r e d is s o lv e d  in  d i s t i l l e d  w a te r , (5 ml) which was added to  
each  f l a s k .  The sodium io n s were removed hy sh ak in g  w ith  IR 120 (h"*^  
r e s i n  f o r  24 h .  The s o lu tio n s  were f i l t e r e d  and ev ap o ra ted  to  d ryness  
t o  remove any  rem ain ing  a c e t ic  a c id .  The f r e e  su g a rs  were su b je c te d  
t o  p a p e r  chrom atography in  so lv e n ts  (a) and (b) . The r e s u l t s  a re  
shown in  ta b le s  VI 14 and VI I 5 .
(b) The s e p a ra t io n  o f  th e  p ro d u c ts  o f a c e to ly s is  o f  GS-3 B 
p o ly sa c c h a rid e
The p ro d u c t o f  th e  p a r t i a l  a c e to ly s is  o f  GS-5 B p o ly sa c c h a rid e  
was s u b je c te d  to  p re p a ra t iv e  paper chrom atography on Whatman Ho. 3 
p a p e r  in  s o lv e n t (b) . The components o f  th e  a c e to ly s a te  were e lu te d  
from  th e  p a p e r (VT A I) and were re  chromât o graphed in  so lv e n t (c) . 
S ta in in g  re a g e n t (a) was employed th ro u g h o u t.
(c) The c h a r a c te r i s a t io n  o f Compound 12
Compound 12 was t r e a te d  w ith  a c t iv a te d  c h a rc o a l and 
e v a p o ra te d  to  a  sy ru p .
P a r t  o f  th e  p rod u c t was d is so lv e d  in  th e  minimum volume o f 
d i s t i l l e d  w a te r  and was su b je c te d  to  e le c tro p h o re s is  in  b u f f e r  ( a ) .
A f u r t h e r  p o r t io n  o f  th e  p roduct was d is s o lv e d  in  d i s t i l l e d  w a te r  
(5 ml) and was reduced  u s in g  th e  bo rohydride  re a g e n ts  (V E 5) •
A f te r  tre a tm e n t w ith  IR 120 (H*  ^ r e s in ,  c o d i s t i l l a t i o n  w ith  m ethanol 
and  e v a p o ra tio n  to  d ry n ess , th e  reduced  compound 2 was s u b je c te d  to
e le c t r o p h o r e s is  in  b u f f e r  (b) .
The deg ree  o f  p o ly m e risa tio n  o f  compound 12 was d e term ined  as
d e s c r ib e d  (V I) 7) •
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T able VI 14 The p a r t i a l a c e to ly s i s  o f  GS-5 B p o ly s a c c h a r id e  -  P aper
chrom atography  and d e g re e s  o f  p o ly m e r is a tio n  o f  th e
p ro d u c ts
S o lv e n t (a) S ta in in g  re a g e n ts  (a) and (c)
Compound
a c e to ly s a t e  o f  p a r t i a l  e s tim a te d  
GS-5 B p o ly -  h y d ro ly s a te  d eg ree  o f  
s a c c h a r id e  o f  s ta n d a rd  p o ly m e r is a tio n  
^  d e x tra n * *
%
P o s s ib le  i d e n t i t y  
o f  compound
11 0 .9 9 1.00 1 g lu c o se
12 0 .7 6 1 . 9* d is a c c h a r id e
13 0 .5 3  . 0 .5 3  2 iso m a lto se
14 0 .3 8 3 b ran ch  t r i s a c c h a r id e
15 0 .2 6 0 .2 6  3 is o m a l to t r io s e
16 0 .1 9 4 b ran ch  t e t r a -  
s a c c h a r id e
17 0 .1 2 0 .1 2  4 is o m a lto te tr a o s e
A ll  sp o ts ! were g re y -g re e n  in  c o lo u r  when th e  developed  p ap e rs  a re
sp ra y e d w ith  s t a i n i n g  r<sagen t ( c ) .
T ab le  VI 15 The p a r t i a l a c e to ly s i s  o f  GS-5 B p o ly sa c c h a r id e  -  P aper
ch rom atography  and d eg ree s  o f  p o ly m e r is a tio n  o f  th e  p ro d u c ts
S o lv e n t (b) S ta in in g  re a g e n t (a)
Compound a c e to ly s a t e  o f  p a r t i a l  e s tim a te d  GS-5 B p o ly -  h y d ro ly s a te  d eg ree  o f  
s a c c h a r id e  o f  s ta n d a rd  p o ly m e r is a tio n  
d e x tra n * *
£ g
P o s s ib le  i d e n t i t y  
o f  compound
11 0 .9 6 1.02 1 g lu c o se
12 0 .7 1 2 d is a c c h a r id e
13 0 .5 2 0 .5 6  2 iso m a lto se
14 0 .3 7 3 branch  t r i s a c c h a r id e
15 0 .3 0 0 .3 2  3 is o m a l to t r io s e
16 0 .2 5 4 b ran ch  t e t r a -  
s a c c h a rid e
17 0 .1 9 0 .1 9  4 is o m a lto te tr a o s e
* d e te rm in e d  by method. (V D 7) ** D extran  T40 Sigma B iochem icals  Ltd.
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P r e p a ra t io n  o f  th e  P - o c ta a c e ta te  o f  Compound 12
F r e s h ly  fu se d  sodium a c e ta t e  (15 mg) was mixed w ith  compound 12
(a p p ro x . 3 mg) and r e f lu x e d  w ith  a c e t i c  an h y d rid e  (0 .2 5  ml) f o r  1 h .
The r e a c t io n  m ix tu re  was poured  on to  c ru sh ed  ic e  ( l  ml) and th e  
s o lu t io n  was n e u t r a l i s e d  (pH 6 .0) w ith  sodium b ic a rb o n a te .  The 
p r e c i p i t a t e d  a c e ta t e  was f i l t e r e d ,  washed w ith  d i s t i l l e d  w a te r , 
c h a rc o a le d  from  e th a n o l and r e c r y s t a l l i s e d  from  aqueous e th a n o l .
The m e ltin g  p o in t  o f  th e  c r y s t a l l i n e  p ro d u c t was d e te rm in ed  ( ta b le  I I  
11) .  Ho m a te r ia l  rem ained  f o r  a  mixed m e ltin g  p o in t  d e te rm in a tio n .
Some p r o p e r t i e s  o f  compound 12 and th e  P -o c ta a c e ta te  o f  component 12
a r e  shown in  t a b l e s  I I  10 and I I  11.
VI A 14 The enzym ic h y d ro ly s is  o f  GS-5 B p o ly s a c c h a r id e
(a) Q u a l i ta t iv e  d ig e s t s
( i )  Sm all s c a le  q u a l i t a t i v e  d ig e s t s
The en d o d ex tran ase  o f  P . l i la c in u m  was p re p a re d  as
d e s c r ib e d  (V E IO ).
Q u a l i ta t iv e  d ig e s t s  were made up a s  fo llo w s  
P . l i la c in u m  d e x tra n a s e  2 ml ( l  mg o f  f r e e z e - d r ie d  enzyme) .
Sodium c i t r a t e  b u f f e r  pH 5»0 ( b u f f e r  Bl) 2 ml 
P o ly s a c c h a r id e  5 mg.
D ig e s ts  c o n ta in in g  GS-5 B p o ly s a c c h a r id e ,  _S. b o v is  s t r a i n  I  d e x tra n  
and a  re a g e n t b la n k  c o n ta in in g  enzyme and b u f f e r  o n ly  were p re p a re d .
The d ig e s t s  were s e a le d  w ith  a  la y e r  o f  to lu e n e  A.R. to  
d is c o u ra g e  m ic ro b ia l  and mould grow th and were in c u b a te d  a t  37^0 
f o r  48 h .
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A f te r  in c u b a tio n ,  th e  d ig e s t s  were d e io n is e d  w ith  IR 120 (h*^ and 
IRA 400 (0H~) r e s in s  s e q u e n t i a l l y ,  f i l t e r e d ,  and th e  s o lu t io n s  were 
e v a p o ra te d  to  a  sm a ll volume and s u b je c te d  to  p a p e r chrom atography ih 
s o lv e n t  ( a ) .
The r e s u l t s  a r e  shown in  t a b l e s  VI I 6 and VI 17»
.Table VI I 6 The P . l i la c in u m  d e x tra n a se  d ig e s t  o f  GS-5 B p o ly sa c c h a r id e  -  
P ap er ch rom atography  o f th e  enzymic h y d ro ly s a te  
ch rom atography  s o lv e n t  (a) s t a i n in g  re a g e n t (a)
Compound £ g
I n t e n s i t y  by 
v i s u a l  in s p e c t io n P o s s ib le  i d e n t i t y
21 1.01 + g lu c o se
22 0 .5 4 3+ iso m a lto se
23 0 .2 7 + is o m a l to t r io s e
24 0.081 + 'b ranch*  p e n ta sa c c h a r id e *
25 0 .0 3 8 + 'b ran ch *  h e x asac ch a rid e*
26 0 .020 + 'b ranch*  h e p ta sa c c h a r id e *
27 u n re so lv e d
m a te r ia l
+ u n re so lv e d  m a te r ia l
* A ’branch* o l ig o s a c c h a r id e  in  t h i s  c o n te x t i s  d e f in e d  a s  an 
o l ig o s a c c h a r id e  c o n ta in in g  a  seco n d ary  [ i . e .  n o n - a - ( l—^  6 ) ]  
g lu c o s id ic  l i n k a g e .
The com ponents o f  th e  h y d ro ly s a te  were i d e n t i f i e d  by  com parison w ith
s ta n d a rd  compounds.
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T ab le  VI 17 The P . l i la c in u m  d e x tra n a se  d ig e s t  o f  b o v is
S t r a i n  1 d e x tra n  -  P ap er chrom atography o f  th e  enzymic 
h y d ro ly s a te
C hrom atography s o lv e n t  (a) S ta in in g  re a g e n t (a)
Compound £ g I n t e n s i t y  by v i s u a l  in s p e c t io n
P o s s ib le  i d e n t i t y
A 1.02 + g lu c o se
B 0 .5 5 4+ iso m a lto se
C 0 .2 8 24- is o m a l to t r io s e
D 0 .0 8 0 t r a c e 'b r a n c h ' p e n ta s a c c h a r id e *
E 0 .0 3 9 t r a c e 'b r a n c h ' h e x a sa c c h a rid e *
F u n re s o lv e d  + 
m a te r ia l
u n re so lv e d  m a te r ia l
( i i )  L arge s c a le  q u a l i t a t i v e  d ig e s t
A la r g e  s c a le  q u a l i t a t i v e  d ig e s t  o f GS-5 B p o ly ­
s a c c h a r id e  w ith  P . l i la c in u m  d e x tra n a s e  was p re p a re d  as  fo llo w s .
P . l i la c in u m  d e x tra n a s e  100 mg o f  f r e e z e - d r i e d  enzyme.
Sodium c i t r a t e  b u f f e r  pH 5»0 ( b u f f e r  Bl)
GS-5 B p o ly s a c c h a r id e  500 m g . '
The d ig e s t  was s e a le d  w ith  a  la y e r  o f  to lu e n e  A.R. and was 
in c u b a te d  a t  37°C f o r  48 h .
A f te r  in c u b a t io n ,  th e  d ig e s t s  were d e io n is e d  w ith  IR 120 (h*^ 
and  IRA 400 (0H~) r e s in s  s e q u e n t i a l l y ,  f i l t e r e d ,  and th e  s o lu t io n s  
w ere e v a p o ra te d  to  a  sm a ll volume and s u b je c te d  to  p r e p a ra t iv e  p ap e r 
ch rom atog raphy  on Whatman H o.3 p a p e r in  s o lv e n t (c) f o r  4 d ay s .
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The r e s u l t i n g  compounds were e lu te d  from  th e  p a p e r , rech rom ato ­
g rap h ed  in  s o lv e n t (c) e v a p o ra te d  to  d ry n e ss  and th e  y ie ld s  were 
r e c o rd e d . The in d iv id u a l  compounds were th e n  s u b je c te d  to  p ap er 
chrom atography  in  s o lv e n t (c) . The r e s u l t s  a re  shown in  t a b le  VI 18.
T ab le  VI 18 The P . l i la c in u m  d e x tra n a s e  d ig e s t  o f  GS-5 B p o ly -
s a c c h a r id e  -  P r e p a r a t iv e  p a p e r chrom atography o f  th e  
p ro d u c ts  o f  a la rg e  s c a le  d ig e s t  -  Y ie ld s  and v a lu e s
C hrom atography so lv e n t (c) S ta in in g  re a g e n t (a)
D egree o f  Y ie ld  from  R ^  ^
Compound p o ly m e ri-  500 mg o f  5
s a t i o n  p o ly s a c c -
(e s t im a te d )  h a r id e  (mg)
P o s s ib le  i d e n t i t y
24 5 30 .0  1.25  0 .0 3  1.510 ’b ra n c h ’ p e n ta ­
s a c c h a r id e
25 6 4 5 «7 0 .8 4  0 .0 2  1.690 ’b ra n c h ’ h ex a -
sa c c h a r id e
26 7 25 .1  0 .5 3  0.012 1.891 ’b ra n c h ’ h e p ta -
s a c c h a rid e
27 8 15 .4  0 .4 0  0.0(3 6 2 .0 1 4  ’b ra n c h ’ o c ta -
s a c c h a rid e
28 9 15 .4  0 . 3 0 0 .00722.140 ’b ra n c h ’ none -
sa c c h a r id e
29 > 9  ^ 0 . 2 0  u n re so lv e d  m a te r ia l
S in ce  th e  g lu c o se  s ta n d a rd  was e lu te d  from  th e  p ap er i t  was n e c e s s a ry  
t o  u se  is o m a lto p e n ta o s e  a s  a  s ta n d a rd .  The R^ v a lu e s  were 
d e te rm in e d  by  e x t r a p o la t io n .
(b) Q u a n t i ta t iv e  d ig e s t
A s ta n d a rd  s o lu t io n  c o n ta in in g  P . l i la c in u m  d e x tra n a se  
( f r e e z e - d r i e d )  (2 1 .5  mg) in  sodium c i t r a t e  b u f f e r  pH 5*0 (b u f f e r  Bl) 
(30 ml) was p re p a re d .
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T his was u sed  im m ed ia te ly  a f t e r  p r e p a r a t io n  f o r  q u a n t i t a t iv e  
P . l i la c in u m  d e x tra n a s e  d ig e s t s  o f  a l l  th e  p o ly s a c c h a r id e s  so t r e a t e d .
D ig e s ts  were p re p a re d  as  fo llo w s
The above s o lu t io n  3 ml
P o ly s a c c h a r id e  (v acuum -d ried  over phosphorous p e n to x id e  f o r  3 days) 10 mg
The d ig e s t s  were s e a le d  w ith  a  la y e r  o f  to lu e n e  A.R. to  d isc o u ra g e  
m ic ro b ia l  and mould grow th and were in c u b a te d  a t  37°C f o r  48 h .
D ig e s ts  o f  GS-5 D p o ly s a c c h a r id e  and o f  a  s ta n d a rd  d e x tra n  T40 
w ere p re p a re d .
A liq u o ts  (100 yul) w ere ta k e n  p e r io d i c a l ly  and s u b je c te d  to  th e  
D elson  t e s t  f o r  re d u c in g  su g a rs  (V D 3) •
VI A 15 Gel p e rm e a tio n  ch rom atography  o f GS-5 B p o ly s a c c h a r id e
(a) Gel p e rm e a tio n  chrom atography  on S epharose 6B,
* * *
S ep h aro se  2B, Sephadex G-200 and Sephadex G-100
The S epharose  g e ls  w ere p re p a re d  a s  d e s c r ib e d  in  V A 6(a) 
and  th e  Sephadex g e ls  a s  d e s c r ib e d  in  V A 6 (b) .
( i )  S epharose  2B
A K I5/ 9O column (P harm acia G.B.) was packed w ith  
p re p a re d  g e l a s  d e s c r ib e d  (V A 6 (a ) )  . The e lu a n t employed was 1^ 
sodium  c h lo r id e  s o lu t io n  and a  w ork ing  p re s s u re  o f  3-6  cm o f  1^ 
sodium  c h lo r id e  s o lu t io n  was employed a d ju s te d  to  g iv e  a  flow  r a t e  o f  
0 .0 5  ml p e r  m in. L oadings o f  B lue d e x tra n  2000 (lO mg) , g lu c o se  
(10 mg) and GS-5 B p o ly s a c c h a r id e  (25 mg) each d is s o lv e d  in  1^ sodium 
c h lo r id e  s o lu t io n  ( l  ml) w ere a p p l ie d  to  th e  colum n. 2 .0  ml f r a c t io n s  
w ere c o l l e c t e d .
The b lu e  d e x tra n  was e s tim a te d  by  d i r e c t l y  re a d in g  th e  s o lu t io n  
a t  600 nm on a  SP 5^0 sp e c tro p h o to m e te r . The g lu c o se  and
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p o ly s a c c h a r id e  were e s t im a te d  as  fo l lo w s .  An a l iq u o t  (200 / / l )  was 
ta k e n  from  each f r a c t i o n  and  d i s t i l l e d  w a te r  (8 0 0 ju l)  was added .
The s o lu t io n  was th e n  e s tim a te d  by  th e  p h e n o l-s u lp h u r ic  a c id  method 
(V D 2) .
( i i )  S epharose  6B
A KI5/ 9O column (P harm acia G.B.) was packed w ith  
p re p a re d  g e l as  d e s c r ib e d  (V A 6 ( a ) ) . The e lu a n t employed was
sodium  c h lo r id e  s o lu t io n  and a  w ork ing  p re s s u re  o f  3-6  cm o f  1^
sodium  c h lo r id e  s o lu t i o n  was employed a d ju s te d  to  g iv e  a  flow  r a t e  
o f  0 .0 5  m l/m in . L oadings o f  B lue D ex tran  2000* ( 1O mg) D ex tran  
T10*(M^ = 1 0 ,0 0 0 ), S o lu b le  la m in a r in * *  (M^ -  2000) (25 mg) GS-5 B 
p o ly s a c c h a r id e  (25 mg) and  g lu c o se  (IO mg) each d is s o lv e d  in  1% 
sodium  c h lo r id e  s o lu t io n  ( l  ml) w ere a p p l ie d  to  th e  column, 2 .0  ml 
f r a c t i o n s  w ere c o l l e c t e d .
B lue d e x tra n  and g lu c o se  and p o ly s a c c h a r id e s  were e s tim a te d  as
in  VI A 15( a ) ( i ) .
( i i i )  Sephadex G-100
A KI5/ 9O column (P harm acia  G.B.) was packed w ith  
p re p a re d  g e l a s  d e s c r ib e d  (V A 6 ( b ) ) .  The e lu a n t employed was 1^
sodium  c h lo r id e  s o lu t io n  and a  w ork ing  p re s s u re  o f  30 cm o f  1^ sodium
c h lo r id e  s o lu t io n  was em ployed g iv in g  a  flow  r a t e  o f  O.5 ml p e r  m in u te .
O b ta in ed  from  P harm acia  (G .B .) L td .
** K in d ly  d o n a ted  by  D r. J .  John  M a rs h a ll ,  Royal Holloway C o lle g e .
*** O b ta in ed  from  th e  d e p a r tm e n ta l c o l l e c t i o n .
245
L oad ings o f  B lue D ex tran  2000* (10 mg) , .GS-5 B p o ly sa c c h a r id e  (25 mg) 
and  g lu c o se  (10 mg) each d is s o lv e d  in  1^ sodium c h lo r id e  s o lu t io n  ( l  ml) 
w ere a p p l ie d  to  th e  colum n, 2 .0  ml f r a c t i o n s  were c o l le c te d .
B lue d e x tra n  and g lu c o se  and p o ly s a c c h a r id e  were e s tim a te d  a s  in  
VI A 15 (a) ( i )  .
( iv )  Sephadex G-200
A KI5/ 9O column (Pharm acia G .B.) was packed w ith  p re p a re d
g e l a s  d e s c r ib e d  (V A 6 (b ))  . The e lu a n t employed was Yjo sodium
c h lo r id e  s o lu t io n  and a  w ork ing  p re s s u re  o f  13 cm o f  1^ sodium c h lo r id e
s o lu t i o n  was em ployed g iv in g  a  flow  r a t e  o f  0 .1  ml p e r  m in u te .
L oadings o f  B lue d e x tra n  2000 (IO mg) GS-5B p o ly s a c c h a r id e  (25 mg) and
in
g lu c o se  (10 mg) d is so lv e d ^ T ^  sodium  c h lo r id e  s o lu t io n  ( l  ml) were 
a p p l ie d  to  th e  colum n. 2 .0  ml f r a c t i o n s  were c o l le c t e d .
B lue d e x tra n , g lu c o se  and GS-5 B p o ly s a c c h a r id e  were e s tim a te d  as 
in  VI A 15(a) ( i )  • The r e s u l t s  a r e  shown in  t a b l e  VI 19 and f ig u r e  
I I  2 5 .
(b) C a l ib r a t io n  o f  th e  Sephadex G-200 column
The Sephadex G-200 column was c a l ib r a t e d  u s in g : -
B lue D ex tran  2000 M = 2 x 10 (IO mg) in  1^ sodium c h lo r id e
s o lu t io n  (1 m l) .
B etacoccus dextran*** = 7 .5  x 10^ (25 mg) in  1^ sodium ch lo r id e
s o lu t io n  (1 m l) .
B ext ra n  T40* M„ = 4 x 10^ (25 mg) in  1^ sodium c h lo r id e
s o lu t io n  (1 m l) .
D extran 10* M = 1 x  lO'^  (25 mg) in  1^ sodium ch lo r id e
s o lu t io n  (1 m l) .
G lucose A .R. = 1 (IO mg) in  1^ sodium c h lo r id e
s o lu t io n  (1 ml) .
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and th e  e l u t i o n  d iagram s o f  th e s e  m a te r ia ls  on Sephadex G-200 a re
shown in  f ig u r e  VI 14* A p lo t  o f  lo g  v e rsu s  K w here K i sW av  av
th e  p a r t i t i o n  c o e f f i c i e n t  betw een th e  l i q u i d  phase and th e  g e l phase
f o r  a  m o lecu le  h a v in g  a  m o le c u la r  w eigh t eq u a l to  M^, and i s  g iven
by  th e  e q u a tio n
V Ve-Vo
Vt-Vo
Ve = e l u t io n  volume o f  a  m o le c u la r  s p e c ie s  h a v in g  a  m o le c u la r  w eight
e q u a l to  M„.W
Vo = th e  v o id  volum e.
Vt = th e  t o t a l  volume o f  th e  bed 
i s  shown in  f ig u r e  VI I 5 .
The s ta n d a rd s  were e s tim a te d  a s  d e s c r ib e d  in  VI a  15(a) ( i ) .
The i n t e n s i t i e s  o f  th e  c o lo u rs  were re a d  on an E el sp e c tro p h o to m e te r  
and  a r e  q u o ted  a s  p e rc e n ta g e  s c a le  d e f l e c t i o n s .
(c) C o n firm a tio n  o f  th e  m o le c u la r  d i s t r i b u t i o n  o f  GS-5 B 
p o ly s a c c h a r id e  by  u l t r a c e n t r i f u g a t i o n
GS-5 B p o ly s a c c h a r id e  (50 mg) in  0.1M p o ta ss iu m  c h lo r id e  s o lu t io n  
(5 ml) was s u b je c te d  to  u l t r a c e n t r i f u g a t i o n  in  a  Spinco Model E 
U l t r a c e n t r i f u g e  a t  59» 780 re v /m in  f o r  5 h a t  20^C.
The image was p h o to g rap h ed  a t  i n t e r v a l s  and th e  r e s u l t s  a re  
i l l u s t r a t e d  in  f ig u r e  I I  26 .
(d) P r e p a r a t iv e  g e l p e rm ea tio n  chrom atography o f  GS-5 B p o ly ­
s a c c h a r id e  on Sephadex G—200
A K26/ 1OO column [P harm ac ia  (G .B .)]  was packed w ith  p re p a re d  
g e l  a s  d e s c r ib e d  (V A 6 (b )) . The e lu a n t employed was 1^ sodium 
c h lo r id e  s o lu t i o n .  The w ork ing  head  was a d ju s te d  (IO cm-20 cm) to
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g iv e  a  flow  r a t e  o f  0 .1  ml p e r  m in. Loadings o f  B lue d e x tra n  2000 
(25 mg) in  sodium  c h lo r id e  (3 ml) , g lu c o se  (60 mg) in  1^ sodium 
c h lo r id e  (2 ml) and OS—5 B p o ly s a c c h a r id e  (2 x 250 mg) in  1^ sodium 
c h lo r id e  (3 ml) were a p p l ie d  to  th e  colum n. 5*0 ml f r a c t io n s  were 
ta k e n .
The r e s u l t s  a r e  i l l u s t r a t e d  in  f ig u r e  I I  27.
The GS-5 B p o ly s a c c h a r id e  and  th e  s ta n d a rd s  were e s tim a te d  as in  
VI A 15( a ) ( 1) .
The c o n te n ts  o f  tu b e s  35-^5 were com bined. The p ro d u c t was 
f r e e z e - d r i e d ,  d r ie d  vacuo o v er phosphorous p en to x id e  and w eighed.
T h is  was d e s ig n a te d  F r a c t io n  I .
The c o n te n ts  o f  tu b e s  65-IOO were com bined. The p ro d u c t, t r e a t e d  as 
above , was d e s igns .ted  F r a c t io n  I I .
The f r u c to s e  c o n te n ts  o f  F r a c t io n s  I  and I I  were d e te rm in ed  
(V D 5) and  a r e  shown in  t a b l e  I I  12.
Enzymic d ig e s t s  were p re p a re d  as  fo llo w s :
GS-5 B p o ly s a c c h a r id e  F r a c t io n  I  o r  I I  5 mg 
l i la c in u m  d e x tra n a s e  2 ml
Sodium c i t r a t e  b u f f e r  pH 5*0 ( b u f f e r  Bl) 2 m l. A re a g e n t b la n k  
c o n ta in in g  th e  enzyme and  th e  b u f f e r  o n ly  was p re p a re d .
The d ig e s t s  w ere s e a le d  w ith  a  la y e r  o f  to lu e n e  A.R. to  
d is c o u ra g e  m ic ro b ia l  and  mould grow th and were in c u b a te d  a t  37°C 
f o r  48 h .
A f te r  in c u b a tio n  th e  d ig e s t s  were d e io n is e d  w ith  IR 120 (h*^ 
and  IRA 400 (0H~) r e s in s  s e q u e n t i a l ly ,  f i l t e r e d ,  and th e  s o lu t io n s  
w ere e v a p o ra te d  t o  a  sm a ll volume and s u b je c te d  to  p ap er chrom atography 
in  s o lv e n t  ( a ) .
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T ab le  VI 19 Gel p e rm e a tio n  chrom atography  o f GS-5 B p o ly s a c c h a r id e
C Fi^ vxrC- \ \ 2-5"}
E lu t io n  volume
Ve (ml) A bsorbance
40 .210
42 .340
44 .485
46 .612
48 .788
50 .955
52 1.04
54 1.00
56 1.09
58 1 .18
60 1.17
62 1.11
64 1.12
66 1.12
68  1.12
70 1.05
72 1.03
74 .940
76 .902
78 .920
80 .879
82 .840
84 .772
86 .762
88 .800
90 .733
92 1. 01.
94 .820
96 .795
/c o n t in u e d
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T ab le  VI 19 (c o n tin u e d )
E lu t io n  volume 
Ve (ml)
98
100
102
104
106
108
110
112
A bsorbance
.775
.709
.650
.575
.453
.340
.235
.148
Vo = 40 ml 
Vt = 124 ml
The r e s u l t s  a r e  shown i n  t a b l e  VI 20 .
T ab le  VI 20 P r e p a r a t iv e  g e l p e rm e a tio n  chrom atography o f  GS-5 B 
p o ly s a c c h a r id e  — P . l i la c in u m  d e x tra n a se  d ig e s ts  o f 
F r a c t io n s  I  and  I I  -  P aper chrom atography o f  p ro d u c ts
r\TX\T\r\'K\
F r a c t io n  I F r a c t io n  I I P o s s ib le  I d e n t i t yVVlii^ vUiicIi u •
h
I n t e n s i t y Rçj I n t e n s i t y
Compound 1 1.00 + 1.01 + g lu c o se
Compound 2 0 .5 4 1 4 1 0 .5 4  +++ iso m a lto se
Compound 3 0 .2 7 + 0 .2 7  + i s  o m a lto tr io s e
Compound 4 0.081 + 0.081  + •branch* p e n ta ­
s a c c h a r id e
Compound 5 0 .0 3 5 + 0 .035  + •branch* h e x a -  
s a c c h a r id e
Compound 6 0 .0 1 8 + 0 .019  + •branch* h e p ta -  
s a c c h a r id e
Compound 7 0 .0092 + u n re so lv e d  +
Compound 8 u n re s o l
ved
-  +
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F r a c t io n  I ,  F r a c t io n  I I ,  and a  g lu c o se  b la n k  (^ .  10 mg) (d r ie d  in  
vacuo a t  35°C f o r  2 days) were m e th y la te d  a s  d e s c r ib e d  (V E 7) • The 
y ie ld s  a re  shown in  t a b l e  VI 21.
The m e th y la te d  p ro d u c ts  were h y d ro ly se d  (V E 8 ) , reduced  (V E 5) 
and a c e ty la te d  (V E 9) and s u b je c te d  to  g . l . c .  -  m .s . a n a ly s i s .
The g . l . c .  t r a c e s  o b ta in e d  and th e  mass s p e c t r a  o f  th e  components 
a r e  shown in  f ig u r e s  VI l8  to  VI 25.
The r e s u l t s  a r e  t a b u la te d  in  t a b l e  I I  13.
T ab le VT 21 The m é th y la t io n  o f  GS-5 B p o ly s a c c h a r id e  -  th e  y ie ld s  o f 
t h e  m e th y la te d  p ro d u c ts
p o ly s a c c h a r id e  Wt. o f  s t a r t i n g  m a te r ia l  Wt. o f  p ro d u c t
 ________________________________ (mg) ___________________ (mg)________________
F r a c t io n  I  11 .0  10.0
F r a c t io n  I I  10 .0  10.3
(e) Gel p e rm e a tio n  ch rom atography  o f  d im e th y lsu lp h o x ide -  
t r e a t e d  GS-5 B p o ly s a c c h a r id e  on Sephadex G—200
GS-5 B p o ly s a c c h a r id e  (50 mg) was d is s o lv e d  in  d im e th y lsu lp h o x id e  
(5 ml) and h e a te d  a t  70^0 f o r  1 h .  The r e a c t io n  was th e n  l e f t  to  s ta n d  
a t  room te m p e ra tu re  f o r  24 h .  The s o lu t io n  was d ia ly s e d  a g a in s t  ru n n in g  
t a p  w a te r  f o r  3 days and  a g a in s t  d i s t i l l e d  w a te r  f o r  3 d a y s . The p ro d u c t 
was f r e e z e —d r ie d  and s u b je c te d  to  g e l p e rm e a tio n  chrom atography on th e  
column u sed  in  VT A 15 (a )  . The e l u t io n  diagram  i s  shown, compared to  
u n t r e a te d  GS-5 B p o ly s a c c h a r id e ,  in  f ig u r e  I I  25.
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Fig. Vl 15 Gel permeation chromatography of GS-5 B polysaccharide on Sephadex 
G-200. g.l.c trace of product of méthylation analysis of fraction 1
185 C
V
absolute retention t im e(m in)2Q 10
254
Fig. VI 17 Gel permeation chromatography of GS-5 B polysaccharide on Sephadex
G-200. g.l.c. trace of product of methylated analysis of Fraction II
185°C
abso lu te  retention t im e (min) oQ 10
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VI A 16 The m ild  h y d ro ly s is  o f  GS-5 B p o ly sa c c h a r id e
(a) I n i t i a l  h y d ro ly s is
GS-5 B p o ly s a c c h a r id e  (25 mg) ( e x h a u s tiv e ly  d r ie d )  was 
d is s o lv e d  in  0.1M s u lp h u r ic  a c id  (0 .5  ml) in  a  1 ml s to p p e re d  f l a s k .
The f l a s k  was capped , w ired  and  h e a te d  on a  w a te r  h a th  a t  60°C.
A liq u o ts  (lO yv l) o f  th e  s o lu t io n  was ta k e n  a t  i n t e r v a l s  and added 
to  d i s t i l l e d  w a te r  (1 0 0 yul) in  s to p p e re d  tu h e s ,  coo led  in  ic e  w a te r to  
s to p  e v a p o ra tio n .  The c o n te n ts  o f  th e  tu h e s  were mixed hy  g e n t le  
sh a k in g .
To th e  d i l u t e d  a l iq u o t s  (IO p i )  d i s t i l l e d  w a te r  ( l  ml) was added 
and  th e  g lu c o se  c o n te n ts  were d e te rm in ed  (V D 4 (a ))  .
To th e  d i l u t e d  a l iq u o t s  ( 5 0 y i l ) d i s t i l l e d  w a te r (1 ml) was added 
and  th e  re d u c in g  su g a r  c o n te n ts  were d e te rm in ed  (V D 3) • A graph  o f  
r e d u c in g  su g a rs  and g lu c o se  r e le a s e d  (m g ) in  th e  t o t a l  d ig e s t  a g a in s t  
tim e  was p l o t t e d .  The r e s u l t s  a re  shown in  f ig u r e  11 28.
(h) P r e p a r a t iv e  m ild  h y d ro ly s is
GS-5 B p o ly s a c c h a r id e  (25 mg) ( e x h a u s t iv e ly  d r ie d )  was d is s o lv e d
in  0.1M s u lp h u r ic  a c id  (0 .5  ml) in  a  1 ml s to p p e re d  f l a s k .  The f l a s k
was capped and h e a te d  on a  w a te r  h a th  a t  60°C.
A f te r  75 h th e  r e a c t io n  was te rm in a te d  hy  n e u t r a l i s a t i o n  w ith  hariura 
c a rb o n a te .  The s o l i d  m a te r ia l  was removed hy  f i l t r a t i o n .
The p ro d u c t (a p p ro x . _c. I 5 mg) was s u b je c te d  to  g e l p e rm eatio n
ch rom atog raphy  on Sephadex G-200 (V A 6 (h )) on a  Pharm acia KI6/ 1OO 
Column ( f ig u r e  VI 24) •
A f u r t h e r  sam ple o f  th e  p ro d u c t (_c. 10 mg) was ev a p o ra te d  to  
d ry n e s s  and s u b je c te d  to  m é th y la tio n  a n a ly s i s  as  in  VI A 15(d)* The 
g . l . c .  t r a c e  i s  i l l u s t r a t e d  in  f ig u r e  VI 25 and th e  mass s p e c t r a  in  
f i g u r e s  VI 26 and VI 27.
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VI A 17 A ttem pted  p r e p a r a t io n  o f  an  ex o d ex tran ase  from  B a c i l lu s
m egatherium  s t r a i n
(a) M ain tenance o f  B. m egatherium  s t r a i n
The o rgan ism  was g e n e ro u s ly  do n a ted  by  D r. L .P .T .H . , 
Z even h u isen , W ageningen, H e d e rla n d s . The ly o p h i l i s e d  organism  was 
i n i t i a l l y  grown on medium M4 a t  30°C f o r  24 h .  S tab b in g s  were th e n  
t r a n s f e r r e d  to  n u t r i e n t  b ro th  (Oxoid) and th e  c u l tu r e s  were in c u b a te d  
a t  30°C u n t i l  th e  o rgan ism s were w e ll e s ta b l i s h e d .
(b) I n i t i a l  a tte m p te d  p r e p a r a t io n  o f  th e  e x o d ex tran ase  from 
B. m egatherium
An a l iq u o t  (1 ml) o f  th e  n u t r i e n t  b ro th  c u l tu r e  (VT A 17 (a ))  
was t r a n s f e r r e d  to  a  s t e r i l e  fe rm e n ta t io n  v e s s e l  c o n ta in in g  medium 
M7 ( l  l )  . The c u l tu r e  medium was a e r a te d  w ith  s t e r i l e  a i r  f o r  5 days 
a t  30°C. The c e l l s  were h a rv e s te d  by  c e n t r i f u g a t io n  a t  2800 g a t  0°C .
The c e l l s  w ere washed w ith  d i s t i l l e d  w a te r , re su sp en d ed  in  
d i s t i l l e d  w a te r  ( l5  ml) , and  th e  c e l l s  w ere d i s in t e g r a te d  u s in g  a  
M .S .E . u l t r a s o n i c  d i s i n t e g r a t o r  (m ic ro -p ro b e , s e t t i n g  medium) . The 
c e l l s  w ere d i s in t e g r a t e d  f o r  th r e e  one m inu te p e r io d s  w ith  one m inute 
p e r io d s  o f  c o o l in g  in  ic e -w a te r  betw een each d i s in t e g r a t i o n .
The r e s u l t i n g  m a te r ia l  was f r e e z e - d r ie d  and th e  f r e e z e - d r ie d  
p ro d u c t (25 mg) was d is s o lv e d  in  d i s t i l l e d  w a te r  (3 ml) .
D ig e s ts  w ere p re p a re d  a s  fo llo w s  
B u f fe r  B2 0 .8  ml
1^ S tre p to c o c c u s  b o v is  s t r a i n  I  d e x tra n  in  w a te r  0 .8  ml
Enzyme p r e p a r a t io n  O.4  ml
The d ig e s t  was in c u b a te d  a t  30^0 f o r  24 h under a  la y e r  o f  to lu e n e  
A .R , to  d is c o u ra g e  b a c t e r i a l  and mould g row th .
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An a l iq u o t  (0 .5  ml) was s u b je c te d  to  th e  N elson t e s t  f o r  re d u c in g  
S ug ars  (v  D 3) to  d e te c t  enzyme a c t i v i t y .
(c) M o d if ic a tio n  o f  th e  a tte m p te d  p r e p a r a t io n  o f  th e  exo - 
d e x tra n a s e  from  B« m egatherium
An a l iq u o t  ( l  ml) o f  th e  n u t r i e n t  b ro th  c u l tu r e  (VI A 17 (a ))  
was a s e p t i c a l l y  t r a n s f e r r e d  to  a  c o tto n -w o o l—plugged  1 1 E rlem eyer 
f l a s k  c o n ta in in g  medium M8 ( 25O ml) . The f l a s k s  w ere in c u b a te d  a t  
30°c  on an  o r b i t a l  in c u b a to r  w ith  o r b i t a l  a g i t a t i o n .  The concen­
t r a t i o n  o f  b a c t e r i a  was d e te rm in e d  p e r io d i c a l ly  by  method V B 1 (d) .
The grow th cu rve  i s  i l l u s t r a t e d  in  f ig u r e  VI 28.
F u r th e r  a l i q u o t s  (1 ml) o f  th e  n u t r i e n t  b ro th  c u l tu r e  (VI A 1 7 (a)) 
w ere a s e p t i c a l l y  t r a n s f e r r e d  to  6 c o tto n -w o o l-p lu g g e d  1 1 E rlem eyer 
f l a s k s  each c o n ta in in g  medium M8 (250 ml) . The experim ent was s to p p ed  
a f t e r  35 h (m id-way th ro u g h  th e  e x p o n e n tia l  grow th p e r io d )  • Samples 
o f  th e  o rgan ism  w ere c u l tu r e d  on to  s lo p e s  o f  medium M4« These s lo p e s  
w ere s to r e d  a t  4°C f o r  m a in ten an ce  p u rp o s e s . The rem ain d er o f  th e  
b a c t e r i a l  c e l l s  were h a rv e s te d  by  c e n t r i f u g a t io n  a t  2800 g . The c e l l s  
were re su sp en d ed  in  w a te r  (25 ml) and d i s in t e g r a te d  u s in g  th e  M .S.E . 
u l t r a s o n i c  d i s i n t e g r a t o r  (m ic ro -p ro b e , s e t t i n g  medium) . The c e l l s  
w ere d i s in t e g r a t e d  f o r  th r e e  one m inu te p e r io d s  w ith  one m inute p e r io d s  
o f  c o o l in g  in  ic e - w a te r  betw een  each  d i s i n t e g r a t i o n .
The c ru d e  enzyme was c e n t r i f u g e d  on th e  M .S .E . bench to p  
c e n t r i f u g e  and th e  s u p e rn a ta n t  ( th e  enzyme p re p a ra t io n )  was d ecan ted  
o f f  and  r e t a in e d .  The c e l l  d e b r is  was exam ined m ic ro s c o p ic a lly  
a f t e r  s t a i n i n g  w ith  s t a i n  S I .
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D ig e s ts  were p re p a re d  a s  fo llo w s
B u ffe r  B2 O.4  ml
S tre p to c o c c u s  'bovis s t r a i n  I  d e x tra n  O.4  ml
i n  w a te r
Enzyme p r e p a r a t io n  0 ,2  ml
The d ig e s t s  were in c u b a te d  a t  30°C f o r  24 h u n d er a  la y e r  o f 
to lu e n e  A .R , to  d is c o u ra g e  b a c t e r i a l  and mould g row th .
The p ro d u c t was s u b je c te d  to  th e  N elson  t e s t  f o r  re d u c in g  su g a rs  
(V D 3) and to  th e  g lu c o se  o x id a se /p e ro x id a se  t e s t  f o r  f r e e  g lu c o se
(V D 4 ( c ) ) . The p ro d u c t,  fo llo w in g  d e io n is a t io n  was s u b je c te d  to
p a p e r  ch rom atography  in  s o lv e n t  (d) , s t a i n in g  re a g e n t (a) was 
em ployed.
(d) F u r th e r  m o d if ic a t io n  o f  th e  a tte m p te d  p r e p a r a t io n  o f  th e  
e x o d e x tra n a se  from  B. m egatherium
The ^  m egatherium  organism  was c u l tu r e d  a s  d e s c r ib e d  in  
VI A 17( c ) .  One o f  th e  c u l tu r e s  was s e t  a s id e  a f t e r  35 b and th e  
re m a in in g  f i v e  c u l tu r e s  were s to r e d  in  a  r e f r i g e r a t o r  (4°C) u n t i l  
r e q u i r e d .  The c e l l s  w ere h a rv e s te d  by  c e n t r i f u g a t io n  2800 g and th e  
r e s u l t i n g  b a c t e r i a l  c e l l s  (0 .8  g) were suspended  in  b u f f e r  B4 (5 m l) . 
The c e l l s  w ere d i s in t e g r a t e d  u s in g  a  M .S .E . u l t r a s o n ic  d i s in t e g r a to r  
(m ic ro -p ro b e , s e t t i n g  medium) f o r  th r e e  one m inu te p e r io d s ,  s ix  one 
m in u te  p e r io d s  and n in e  one m inute p e r io d s ,  w ith  p e r io d s  o f  c o o lin g  as  
d e s c r ib e d  in  VT A 17 ( c ) .
D ig e s ts  o f  th e  t h r e e  enzyme p re p a ra t io n s  were p re p a re d  as  in  
VI A 17 (c) and a s s a y s  were c a r r i e d  o u t , as  d e s c r ib e d .
The re m a in in g  f i v e  c u l tu r e s  were ta k e n  from s t o r e .  The c e l l s  
w ere h a rv e s te d  by  c e n t r i f u g a t io n  and th e  r e s u l t i n g  b a c t e r i a l  c e l l s  
(4  g) w ere suspended  in  b u f f e r  B4 (25 ml) . The c e l l s  were d i s ­
in t e g r a t e d  u s in g  a  M .S .E . u l t r a s o n ic  d i s i n t e g r a t o r  (medium p ro b e , 
medium s e t t i n g ) f o r  f i f t e e n  one m inu te p e r io d s ,  w ith  c o o lin g  a s  above .
270
The p r o te in  c o n te n t o f  th e  p ro d u c t was d e te rm in ed  (v  D 6 (h )) 
and d ig e s t s  were p re p a re d  a s  in  VT A 1 7 (c ) .  The h y d ro ly s a te  was 
s u b je c te d  to  th e  N elson  t e s t  f o r  re d u c in g  su g a rs  (v D 3) and to  th e  
g lu c o se  o x id a s e /p e ro x id a s e  t e s t  f o r  f r e e  g lu c o se  (V D 4 ( c ) ) . The 
h y d ro ly s a te  was s u b je c te d  to  p a p e r chrom atography in  s o lv e n t (d) , 
s t a i n i n g  re a g e n t (a) was em ployed.
(e) F u r th e r  m o d if ic a t io n  o f  th e  a tte m p te d  p r e p a r a t io n  o f  an 
e x o d e x tra n a se  from  B. m egatherium
An a l iq u o t  (1 ml) o f  th e  n u t r i e n t  b ro th  c u l tu r e  (VI A 17 (a ))  
was t r a n s f e r r e d  a s e p t i c a l l y  to  a  co tto n -w o o l-p lu g g ed  11 E rlem eyer 
f l a s k  c o n ta in in g  medium M8 ( 25O m l) . The f l a s k  was in c u b a te d  a t  30°C 
w 'th  o r b i t a l  a g i t a t i o n .  The experim ent was s to p p ed  a f t e r  35 h .
The b a c t e r i a l  c e l l s  w ere h a rv e s te d  by c e n t r i f u g a t io n  a t  2800 g . The 
c e l l s  w ere suspended  in  s t e r i l e  w a te r  (8 ml) and in n o c u la te d  in to  fo u r  
c o tto n -w o o l-p lu g g e d  11 E rlem eyer f la s k s  each c o n ta in in g  medium M8 
(250 m l) .
One f l a s k  was u sed  to  m o n ito r th e  grow th o f  th e  B a c i l lu s  organism  
(V B 1 (d)) ( f ig u r e  VI 2$) • The f l a s k s  were in c u b a te d  a t  30°C w ith  
o r b i t a l  a g i t a t i o n .  The experim en t was te rm in a te d  a f t e r  32 h and th e  
c e l l s  from  th e  rem a in in g  th r e e  f l a s k s  were h a rv e s te d  by  c e n t r i f u g a t io n  
a t  2800 g . The r e s u l t i n g  b a c t e r i a l  c e l l s  (lO g) w ere suspended  in  
b u f f e r  B4 (25 ml) and d i s in t e g r a te d  u s in g  th e  M .S.E . u l t r a s o n ic  
d i s i n t e g r a t o r  (medium p ro b e , s e t t i n g  medium) f o r  tw e lv e  one m inute 
p e r io d s  w ith  one m inu te  p e r io d s  o f  c o o lin g  in  ic e -w a te r  betw een each 
d i s i n t e g r a t i o n .  The p r o te in  c o n te n t o f  th e  r e s u l t i n g  s o lu t io n  was 
d e te rm in e d  ( V D 6 ( b ) ) .  The r e s u l t i n g  su sp e n s io n  was c e n tr i fu g e d  
a t  2800 g .
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The r e s u l t i n g  s o lu t io n  was f u r t h e r  c e n tr i fu g e d  in  a  M .S .E . h ig h  
speed  c e n t r i f u g e  a t  25,000 g f o r  2 .5  h .  D eh ris  was o b ta in e d  and th e  
p r o te in  c o n te n t o f  th e  c l e a r  s u p e rn a ta n t  was d e te rm in ed  (V D 6 ( h ) ) .
D ig e s ts  were p re p a re d  a s  in  VI A 17 ( c ) . The h y d ro ly s a te  was 
s u b je c te d  to  th e  E e lso n  t e s t  f o r  re d u c in g  su g a rs  (V D 3) and to  th e  
g lu c o se  o x id a s e /p e ro x id a s e  t e s t  f o r  f r e e  g lu c o se  (V D 4 ( c ) ) .  The 
p ro d u c t was a l s o  s u b je c te d  to  p ap er chrom atography  in  s o lv e n t (d) , 
u s in g  s t a i n i n g  re a g e n t (a) .
VI A 18 A ttem pted  p r e p a r a t io n  o f  a g lu c a n h y d ro la se  from sw ine 
k id n e y
(a) I n i t i a l  p r e p a ra t io n
Swine k id n e y  (222 g) was mixed and hom ogenised a t  room 
te m p e ra tu re  in  b u f f e r  B6 (900 ml) and s t i r r e d  a t  2^C f o r  0 ,5  h .  The
p ro d u c t was c e n t r i f u g e d  a t  1700 g f o r  15 min and th e  pH o f  th e
s u p e rn a ta n t  was a d ju s te d  to  pH 5*0 w ith  g l a c i a l  a c e t i c  a c id  
( c ,  2 ml) . The r e s u l t i n g  su sp e n s io n  was c e n t r i f u g e d  a t  1700 g f o r  
20 m in.
To th e  s u p e rn a ta n t  ( l  l )  ammonium s u lp h a te  A.R. (2 l6  g) was
a d d ed . The su sp e n s io n  was c e n t r i f u g e d  a t  2800 g a t  0°C f o r  1 .0  h .
The p r e c i p i t a t e  was s e t  a s id e .
To th e  s u p e rn a ta n t  ammonium s u lp h a te  A .R. ( l4 4  g) was added , and 
th e  r e s u l t i n g  su sp e n s io n  was c e n t r i f u g e d  a t  2800 g . The r e s u l t i n g  
p r e c i p i t a t e  vra,s d ia ly s e d  ag  a i n s t  d i s t i l l e d  w a te r  o v e rn ig h t .
The p r o te i n  c o n te n t o f  th e  crude  enzyme p re p a r a t io n  was 
d e te rm in e d  (V D 6 (b ))  .
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A d ig e s t  was p re p a re d  as  f o l l o w s : -  
b u f f e r  B5 0 .1  ml
d e x tra n  T40 I 6 mg
Crude enzyme p r e p a r a t io n  0*9 ml
The d ig e s t  was in c u b a te d  a t  37^0 f o r  24 h u n d er a  la y e r  o f
to lu e n e  A .R . to  d isc o u ra g e  b a c t e r i a l  and mould g row th .
An a l iq u o t  o f  th e  h y d ro ly s a te  (O .I ml) was s u b je c te d  to  th e  
N elson  t e s t  f o r  r e d u c in g  su g a rs  (V D 3) to  d e te c t  enzyme a c t i v i t y .
Two f u r t h e r  p u r i f i c a t i o n s  o f  th e  crude enzyme p re p a r a t io n  were 
p e rfo rm e d . To th e  crude  enzyme p re p a r a t io n  ammonium s u lp h a te  A.R. 
(216 g / l )  was added . The su sp e n s io n  was c e n t r i f u g e d .  To th e  
supernatan t,am m onium  s u lp h a te  A .R. ( l4 4  g / l )  was added . The 
s u sp e n s io n  was c e n t r i f u g e d .  The c e n t r i f u g a te  was d ia ly s e d  a g a in s t  
d i s t i l l e d  w a te r  f o r  24 h .
T h is  p ro c e d u re  was th e n  r e p e a te d .
The f i n a l  enzyme p r e p a r a t io n  was c o n c e n tra te d  u s in g  an  Amicon 
model 202 c e l l  w ith  a  UM2 pad ( c u t - o f f  = IOOO) . The volume o f 
s o lu t i o n  was d e c re a se d  from  250 to  20 m l,-
The p r o te i n  c o n te n t o f th e  enzyme p re p a ra t io n  was de te rm in ed  
(V D 6 ( t ) ) .
A d ig e s t  was p re p a re d  a s  fo llo w s  
b u f f e r  B5 0 .1  ml
d e x t ra n  T40 15-5 mg
enzyme p r e p a r a t io n  1 .0  ml
The d ig e s t  was in c u b a te d  a t  37°C u n d er a  la y e r  o f  to lu e n e  A.R. 
t o  d is c o u ra g e  b a c t e r i a l  and mould g row th . A liq u o ts  (O .I ml) were
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removed a t  i n t e r v a l s  and s u b je c te d  to  th e  N elson t e s t  f o r  re d u c in g  
su g a rs  (V D 3) • The r e s u l t s  a re  shown in  f ig u r e  VI 30.
Samples o f  th e  enzymic h y d ro ly s a te  w ere s u b je c te d  to  p ap er 
chrom atography  in  s o lv e n t (a) , (c) and (d) . S ta in in g  re a g e n t (a) 
was em ployed.
F u r th e r  sam ples o f  th e  enzymic h y d ro ly s a te  w ere s u b je c te d  to  
t h i n  la y e r  chrom atography  ( t . l . c . )  in  t . l . c .  s o lv e n t  (b) . The 
r e s u l t s  a r e  shown in  f ig u r e  VI 31.
The p ro d u c t o f  a  s im i la r  d ig e s t  was s u b je c te d  to  g e l p e rm ea tio n  
ch rom atography  on a  mixed bed  Sephadex G -200/0-10 (1 :1  w:w) column 
(V A 6 (c ) )  , A P harm acia K9/15  column was em ployed, th e  e lu a n t was 
sodium c h lo r id e  s o lu t io n  and 0 ,6  ml (20 drop) f r a c t i o n s  were 
c o l l e c t e d .  The r e s u l t s  a r e  shown in  f ig u r e  VI 32 .
D ig e s ts  w ere p re p a re d  a s  f o l lo w s :— 
b u f f e r  B4 O.O5 ml
d e x t ra n  T40 3 .3  mg
enzyme p r e p a r a t io n  0 .2  ml
The pH o f  b u f f e r  B3 was in c re a s e d  from  pH 3 .4  to  pH 7 .0  in  in c rem en ts  
o f  0 .6  pH u n i t s  f o r  each o f  seven  d ig e s t s .  The d ig e s t s  were 
in c u b a te d  a t  37^0 f o r  24 h and th e  re d u c in g  su g a r  c o n te n t o f  th e  
h y d ro ly s a te  was e s t im a te d  u s in g  th e  N elson re a g e n ts  (V D 3) . The 
pH optimum cu rve  f o r  th e  k id n e y  d e x tra n a se  i s  shown in  f ig u r e  VI 33.
(b) F u r th e r  p r e p a r a t io n  o f  an  e x o d ex tran ase  from swine k id n ey
The sw ine k id n e y s  were k in d ly  do n a ted  by  M essrs Bowyers L td . ,  
London Road, Amersham.
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Fig. VI 31 Preparation of an exodextranase from swine kidney.
t.l.c. of enzymic hydrolysate of Dextran T40 
S substrate blank 
enzyme blank 
glucose standard
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^^9" Attempted preparation of a glucanhydrolase from swine kidney.
Enzymic degradation of Dextran T 40. Gel permeation chromatography 
of the product on Sephadex G-200/G-10
blue dextran
glucose
Dextran T40 (M^ = 40,000)(substrate)
Dextran 10 = 10,000)
6 hour enzymic hydrolysate
T_
60 hour enzymic hydrolysate
10 fraction no.
- p -
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The enzyme was e x t r a c te d  as i l l u s t r a t e d  in  th e  scheme shown in
f ig u r e  VI 34. A ll  c e n t r i f u g a t io n s  were conducted  a t  2800 g .
D ia ly s i s  was p erfo rm ed  a g a in s t  b u f f e r  B5 (5 l )  •
The p r o te i n  c o n te n ts  o f  each  p ro d u c t o f  th e  e x t r a c t io n  p ro ced u re  
was d e te rm in e d . D ig e s ts  were p re p a re d  as  fo llo w s  
b u f f e r  B5 0 .1  ml
d e x tra n  T40 15 mg
e x t r a c t  1 .0  ml
The d ig e s t s  were in c u b a te d  a t  37°C f o r  15*5 h u n d er a  la y e r  o f 
to lu e n e  A .R . to  d is c o u ra g e  b a c t e r i a l  and mould g row th . A liq u o ts  
(0 .5  ml) w ere s u b je c te d  to  th e  N elson t e s t  f o r  re d u c in g  su g a rs  
(V D 3) •  The p r o te in  c o n te n ts  and th e  s p e c i f i c  a c t i v i t i e s  o f  each 
o f  th e  e x t r a c t s  a r e  shown in  t a b l e  VI 22.
T ab le  VI 22 The p r o te in  c o n te n ts  and s p e c i f i c  a c t i v i t i e s  o f  th e
e x t r a c t s  from  sw ine k id n e y
E x t r a c t P r o te in  mg/ml S p e c i f ic  a c t i v i t y  
(u n its /m g )
R esid u e A 38.0 0
C e n tr i f u g a te B - -
S u p e rn a ta n t C 12.0 0
C e n tr i f u g a te D - -
C e n tr i f u g a te E 51.0 0
S u p e rn a ta n t F 6 .0 0
C e n tr i f u g a te G 27.0 5 % 10-5
C e n tr i f u g a te H 4 .0 0
S u p e rn a ta n t I 6 .0 1 .7 % 10“ 5
C e n tr i f u g a te J 3 .0 3 X 10-5
Enzyme p r e p a r a t io n 7 .0 1 X 10-3
280
F ig u re  VI 34 The e x t r a c t io n  o f  a  g lu c a n h y d ro la se  from swine k id n ey
RESIDUE A
CENTRIFUGATE B
CENTRIFUGATE
CENTRIFUGATE E
CENTRIFUGATE
6 Swine k id n e y s  (860 g)
b u f f e r  B5 (860 g) added . S to re d  a t  0°C 
f o r  10 h .  C e n tr ifu g e d
SUPERNATANT
Ammonium s u lp h a te  A .R. (216 g / l )  added 
c e n t r i f u g e d
SUPERNATANT 
Ammonium su lp h a te  A.R. ( l4 4  g / l )  added 
c e n t r i f u g e d
CENTRIFUGATE
d ia ly s e d
c e n t r i f u g e d
SUPERNATANT C
^  SUPERNATANT
Ammonium s u lp h a te  A.R. (2 l6  g / l )  added 
c e n t r i f u g e d
SUPERNATANT
Ammonium s u lp h a te  A.R. ( l4 4  g / l )  added 
c e n t r i f u g e d
CENTRIFUGATE
d ia ly s e d
c e n t r i f u g e d
SUPERNATANT F
G SUPERNATANT
Ammonium s u lp h a te  A.R. (216 g / l )  added 
c e n tr i fu g e d
CENTRIFUGATE H SUPERNATANT
Ammonium s u lp h a te  A .R. ( l4 4  g / l )  added 
c e n t r i f u g e d
CENTRIFUGATE
d ia ly s e d
c e n t r i f u g e d
SUPERNATANT I
CENTRIFUGATE J
Enzyme p r e p a r a t io n
28l
An a l iq u o t  o f  th e  enzyme s o lu t io n  ( in  b u f f e r  B5) (2 ml) was f r e e z e -  
d r ie d  (V C 8) . A f u r t h e r  a l iq u o t  o f  th e  enzyme s o lu t io n  (2 ml) 
was u sed  a s  a  c o n t r o l .
D ig e s ts  were p re p a re d  as  fo llo w s ; 
f r e e z e - d r i e d  enzyme and b u f f e r  B5 in  d i s t i l l e d  w a te r  (2 ml)
[ o r  enzyme in  b u f f e r  B5 (2 m l)]
d e x tra n  T40 30 mg
The d ig e s t  was in c u b a te d  a t  37°C u n d er a  la y e r  o f  to lu e n e  A.R. 
t o  d is c o u ra g e  b a c t e r i a l  and mould g row th .
A liq u o ts  (0 .1  ml) w ere s u b je c te d  to  th e  N elson t e s t  f o r  re d u c in g  
s u g a rs  (V D 3) a t  i n t e r v a l s .
The r e s u l t s  a r e  shown in  f ig u r e  VI 35»
The enzym ic hydro  l y s a t e s  were s u b je c te d  to  th e  q u a l i t a t i v e  t e s t  
f o r  g lu c o se  (V D 4 (c ) )  and to  p a p e r chrom atography in  s o lv e n ts  ( a ) ,
(c) and  (d) and  to  t . l . c .  in  t . l . c .  s o lv e n t (b) .
The p ro d u c t o f  a  s im i l a r  d ig e s t  was s u b je c te d  to  g e l p erm ea tio n  
ch rom atography  on a  m ixed bed  Sephadex G—200/G-IO colum n. A Pharm acia 
K 19/15 column was em ployed, th e  e lu a n t  u sed  was 1^ sodium c h lo r id e  
s o lu t i o n  and 0 ,6  ml (20 drop) f r a c t i o n s  were c o l le c t e d .
The r e s u l t s  a f t e r  75 h and I 5 days a r e  shown in  f ig u r e  VI 36.
Enzyme d ig e s t s  w ere p re p a re d  a s  fo llo w s  
c a rb o h y d ra te  20 mg
f r e e z e - d r i e d  enzyme in  b u f f e r  B5 ( p r o te in  c o n te n t 12 mg/ml) 2 ml 
sodium  a z id e  • 0 .0 2 ^
The d ig e s t s  w ere in c u b a te d  a t  37°G. A liq u o ts  (O .I ml) were w ithdraw n 
a t  i n t e r v a l s  and s u b je c te d  to  th e  N elson  t e s t  f o r  re d u c in g  su g ars  
(V D 3) .
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Fig. VI 36 The preparation of an exodextranase from swine kidney, molecular
weight distribution of the product by gel permeation chromatography 
on Sephadex G-200/G-10
J L
dextran T40 (substrate)
glucose
75 hour digest
15 day digest 
— 1 _
10 1 5  tube no.
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The r e s u l t s ,  shown a s  a  p e rc e n ta g e  d e g ra d a tio n , a r e  shown in  f ig u r e  
I I  29 f o r  GS-5 B p o ly s a c c h a r id e ,  L. m e sen te ro id e s  MRL B-512,
L. m e se n te ro id e s  MRL B-1375 and a c id -d e g ra d e d  m e sen te ro id e s  BRRL
B-512 d e x t r a n s .
VI A 19 A cid h y d ro ly s is  a t  optimum c o n d it io n s  f o r  th e  p ro d u c tio n  o f  
g lu c o se  from  G5-5A p o ly s a c c h a r id e
GS-5 A p o ly s a c c h a r id e  was h y d ro ly se d  hy  th e  method employed f o r  
GS-5 B p o ly s a c c h a r id e  (VI A 2) • The r e s u l t s  a r e  t a b u la te d  in  t a b l e
VI 2 3.
T ab le  VI 23 A cid h y d ro ly s is  o f  th e  g lu c o s id ic  l in k a g e s  o f  GS-5A
p o ly s a c c h a r id e  — P aper chrom atography and e le c t r o p h o r e s is  
o f  th e  p ro d u c t and reduced  p ro d u c t
s o lv e n t  o r  
b u f f e r  system
v a lu e I n t e n s i t y  w ith  
s t a i n in g  re a g e n t (a)
^  p ro d u c t s o lv e n t (d) 1 .00 3+
Mg p ro d u c t b u f f e r  (a) 1.00 3+
M re d u c e d  
p ro d u c t
s o lv e n t  (b) 0 .9 9 4+
These r e s u l t s  were o b ta in e d  on th e  same chrom âtogram s/e 1 e c t r o -  
pherogram s u s in g  th e  same amount o f  m a te r ia l ,  a s  th e  r e s u l t s  t a b u la te d  
in  t a b l e  VI 1 and hence  com parison  o f  th e  i n t e n s i t i e s ,  e s tim a te d  by 
v i s u a l  ex a m in a tio n , i s  v a l i d .
VI A 20 A cid h y d ro ly s is  a t  optimum c o n d it io n s  f o r  th e  p ro d u c tio n  o f  
f r u c to s e  from  GS-5 A p o ly s a c c h a r id e
The p o ly s a c c h a r id e  was h y d ro ly se d  by  th e  method employed f o r  
GS-5 B p o ly s a c c h a r id e  (l/T A3) • The r e s u l t s  a re  t a b u la te d  in  t a b le  VI 
24 .
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s a c c h a r id e  -  P aper chrom atography and e le c t r o p h o r e s is  o f  th e
p ro d u c t and reduced p ro d u c t
s o lv e n t o r I n t e n s i t y
b u f f e r  system v a lu e S ta in in g  S ta in in g
re a g e n t (a) re a g e n t (e)
^  p ro d u c t s o lv e n t (d) 1.00 t r a c e
s o lv e n t (d) 1.27 6+ 4+
^  p ro d u c t b u f f e r  (a) 1.00 t r a c e
b u f f e r  (a) 0 .91 6+
M red u ce d b u f f e r  (b) 1.00 5+
p ro d u c t
Mg red u ce d b u f f e r  (a) 0 .8 3 2+
p ro d u c t b u f f e r  (a) 0 .9 2 +
These r e s u l t s  were o b ta in e d on th e  same c h ro m a te g ra m s/e le c tro -
ph ero g ram s, u s in g  th e  same amount o f  m a te r ia l . a s  th e  r e s u l t s  ta b u la te d
in  t a b l e  VI 2 and hence com parison  o f  th e  i n t e n s i t i e s ,  e s tim a te d  by 
v i s u a l  in s p e c t io n ,  i s  v a l i d .
VI A 21 C om position  o f  GS-5 A p o ly sa c c h a r id e
The n i t r o g e n ,  p r o te in ,  c a rb o h y d ra te , g lu c o se , f r u c to s e  and ash  
c o n te n ts  o f  GS-5 A p o ly s a c c h a r id e  (B atches 1 and 2 ) were d e te rm in ed  by  
th e  m ethods employed f o r  GS-5 B p o ly s a c c h a r id e  (VI A 4 ) .  The r e s u l t s  
a r e  t a b u la te d  in  t a b l e  I I  15.
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VI A 22 The m é th y la t io n  a n a ly s i s  o f GS-5 A p o ly sa c c h a r id e
GS-5 A p o ly s a c c h a r id e  (B atch  l)  was m e th y la te d  (V E ?) and a 
d ry  n u jo l  m ull o f th e  m e th y la te d  p ro d u c t was p re p a re d . The m ull was 
h e ld  betw een  p o ta ss iu m  brom ide p l a t e s  and th e  in f r a r e d  spectrum  in  
th e  re g io n  3800-3000 cm  ^ was o b ta in e d  u s in g  a  P e rk in  Elm er P .E . 325 
i n f r a r e d  sp e c tro p h o to m e te r  ( f ig u r e  VI 3 7 ) »
The rem a in d e r o f  th e  m e th y la te d  p ro d u c t was h y d ro ly se d  (V E 8 (b )) , 
red u ce d  (V E 5) ai^d a c e ty la te d  (V E 9) and s u b je c te d  to  g . l . c .  -  m .s . 
a n a l y s i s .
The g . l . c .  t r a c e  i l l u s t r a t e d  ( f ig u r e  VI 38) was o b ta in e d  on a  Pye 
104 doub le  column gas chrom atograph  (V A 5(h) ( i ) )  u s in g  p ack in g  
m a te r ia l  ( i i )  . An oven te m p e ra tu re  o f  178°C was employed and a  c a r r i e r  
gas flo w  r a t e  o f  44 cc /m in  was u s e d .
G . l . c .  d a ta  (n o t i l l u s t r a t e d )  were a l s o  o b ta in e d  on th e  P e rk in  
E lm er F 1 1 g . l . c .  co u p led  to  th e  H ita c h i  RMS 4 m .s . u s in g  p ack in g  
m a te r ia l  ( i i )  ( g . l . c .  oven te m p e ra tu re  201°c) . Components 2 and 3 
w ere re s o lv e d  by  u s in g  an  oven te m p e ra tu re  o f  170°C.
The mass s p e c t r a  o f  com ponents 1, 3, 4 and 5 a re  shown in  f ig u r e s  
VI 39 — VI 4^» Component 2 was n o t an  a l d i t o l  a c e t a t e .  The r e t e n t io n  
tim e s  and  th e  m o lar p ro p o r t io n s  a r e  shown in  t a b le  I I  16. The r e s u l t s  
o b ta in e d  by  th e  m é th y la t io n  a n a ly s i s  o f  a  second  b a tc h  o f  GS-5 A 
p o ly s a c c h a r id e  (B atch  2) a r e  shown in  t a b l e  I I  17* The chromatogram s 
and s p e c t r a  ( e s s e n t i a l l y  s im i la r  to  th o s e  o b ta in e d  from  GS-5 A p o ly ­
s a c c h a r id e  B atch  1") a r e  n o t i l l u s t r a t e d .
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VI A 23 The P . l i la c in iim  cTextranase d ig e s t  o f  GS-3 A p o ly sa c c h a r id e
A q u a l i t a t i v e  P . l i la c in u m  en d o d ex tran ase  d ig e s t  o f  GS-5 A 
p o ly s a c c h a r id e  was p re p a re d  a s  f o r  GS-5 B p o ly s a c c h a r id e  (Y I  A 14 ( a ) ) .  
The r e s u l t s  o f  p a p e r  ch rom atography  o f  th e  d e io n is e d  enzymic h y d ro ly s a te  
a r e  shown in  t a b l e  VI 25*
T ab le  VI 25 The P , l i la c in u m  d e x tra n a s e  d ig e s t  o f  GS-3 A p o ly ­
s a c c h a r id e  -  P aper chrom atography o f  th e  enzymic h y d ro ly s a te  
C hrom atography s o lv e n t (a) S ta in in g  re a g e n t (a)
Compound
-IM ^ —IMg Components o f
p a r t i a l  h y d ro ly s a te  
o f  D ex tran  TAO
I n t e n s i t y  by
v is u a l
in s p e c t io n
P o s s ib le
I d e n t i t y
31 - + g lu c o se
32 0 .9 8 •i;.oo ++ iso m a lto se
33 0 .5 8 0 .5 8 + is o m a l to t r io s e
34 0 .2 3 6
0 .21
+ •b ra n c h ’ p e n ta ­
s a c c h a r id e
iso m a lto p e n ta o se
35 0 . 15.
0 .1 3
+ •b ra n c h ’ h e x a - 
s a c c h a r id e
iso m alto h ex ao se
36 0 .0 9 9
0 .0 8 2
+ •b ra n c h ’ h e p ta — 
sa c c h a r id e
iso m a lto h e p ta o se
37 0 .0 6 3 + •b ra n c h ’ o c ta -  
s a c c h a rid e
A q u a n t i t a t i v e  P . l i la c in u m  en d o d ex tran ase  d ig e s t  o f  GS-5 A p o ly ­
s a c c h a r id e  was p re p a re d  a s  d e s c r ib e d  f o r  GS—5 B p o ly sa c c h a r id e  
(VT A 14 (b ))  and  th e  h y d ro ly s a te  was a n a ly se d  as  d e s c r ib e d .
The r e s u l t s  a r e  shown in  f ig u r e  VI 43 .
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VI A 24 The sw ine k id n e y  fflucanhyd.rola s e  h y d ro ly s is  o f  GS-5 A 
p o ly s a c c h a r id e
A q u a n t i t a t i v e  sw ine k id n e y  d e x tra n a s e  d ig e s t  o f  GS-5 A p o ly ­
s a c c h a r id e  was p re p a re d  a s  d e s c r ib e d  f o r  GS-5 B p o ly sa c c h a r id e  
(VT A 18 (b ))  and th e  h y d ro ly s a te  was a n a ly se d  a s  d e s c r ib e d .
The r e s u l t s  a r e  shown in  f ig u r e  I I  35»
VI B The p o ly s a c c h a r id e  e la b o ra te d  by  S . mutans OMZ 51
VI B 1 The p ro d u c tio n , e x t r a c t i o n  and p u r i f i c a t i o n  o f  th e  p o ly ­
s a c c h a r id e
The p o ly s a c c h a r id e  was c u l tu r e d ,  e x t r a c te d  and p u r i f i e d  as  
d e s c r ib e d  (V E 2 and V E 3) . The y ie ld s  a re  shown in  t a b le  111 1. .
VI B 2 A cid  h y d ro ly s is  o f  th e  optimum c o n d itio n s  f o r  th e  p ro d u c tio n  
o f  g lu c o se  from  OMZ 51 B p o ly s a c c h a r id e
The p o ly s a c c h a r id e  was h y d ro ly se d  a s  d e s c r ib e d  (V E 4 (a ))  
and  th e  n e u t r a l i s e d  hydro  ly s a t e  was s u b je c te d  to  p ap e r chrom atography 
in  s o lv e n t  (d) . S ta in in g  re a g e n t (a) was em ployed. The r e s u l t s  
a r e  shown i n  t a b l e  VI 26.
T ab le  VI 26 A cid  h y d ro ly s is  o f  th e  g lu c o s id ic  lin k a g e s  o f  OMZ 51 B 
p o ly s a c c h a r id e  — p ap e r chrom atography
s o lv e n t  sy stem  ^  v a lu e i n t e n s i t y p o s s ib le  i d e n t i t y
(d) 1.01 3+ g lu c o se
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VI B 3 A cid h y d ro ly s is  a t  th e  optimum c o n d itio n s  f o r  th e  p ro d u c tio n  
o f  f r u c to s e  from  OMZ 51B p o ly sa c c h a r id e
The p o ly s a c c h a r id e  was h y d ro ly se d  a s  d e s c r ib e d  (V E 4 (b )) 
and  th e  p ro d u c t was s u b je c te d  to  p a p e r chrom atography in  s o lv e n t  (d) • 
S ta in in g  re a g e n t (a) was em ployed. The r e s u l t s  a r e  shown in  t a b le  
VI 2 7 .
T ab le  VI 27 A cid  h y d ro ly s is  o f  th e  f r u c to s id i c  lin k a g e s  o f  OMZ 51 B 
p o ly s a c c h a r id e  -  P ap er chrom atography
s o lv e n t  system v a lu e i n t e n s i t y p o s s ib le  i d e n t i t y
(a) 1.25 3+ f r u c to s e
(<i) 1.00 + g lu c o se
VI B 4 Composition of OMZ 51 B polysaccharide
The n i t r o g e n ,  p r o te in ,  c a rb o h y d ra te , g lu c o se , f r u c to s e  and 
a sh  c o n te n ts  o f  OMZ 51B p o ly s a c c h a r id e  were d e te rm in ed  by  th e  methods 
em ployed f o r  GS-5 B p o ly s a c c h a r id e  (V A 4) • The r e s u l t s  a r e  shown 
in  t a b l e  I I I  2 .
VI B 5 The m é th y la t io n  a n a ly s i s  o f  OMZ 51B p o ly s a c c h a r id e
OMZ 5 IB p o ly s a c c h a r id e  was m e th y la te d , t r e a t e d  and a n a ly se d  
a s  i n  VI A 22 and  th e  g . l . c .  t r a c e  i s  shown in  f ig u r e  VI 44- The 
mass s p e c t r a  a r e  shown in  f ig u r e s  VI 45 — VI 47» The r e te n t io n  
t im e s  and th e  m o lar p ro p o r t io n s  o f  each component a re  shown in  t a b le  
I I I  3 . The in f r a r e d  spec trum  o f  th e  m e th y la te d  p o ly s a c c h a r id e  was 
p rod u ced  a s  d e s c r ib e d  f o r  GS-5 A p o ly s a c c h a r id e  (VI A 22) . The spectrum  
i s  shown in  f ig u r e  VI 4 8 .
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VI B 6 The P . l i la c in u m  d e x tra n a s e  d ig e s t  o f  OMZ B p o ly sa c c h a r id e
A q u a l i t a t i v e  P . l i la c in u m  en d o d ex tran ase  d ig e s t  o f  OMZ $1B 
p o ly s a c c h a r id e  was p re p a re d  and a n a ly se d  as  d e s c r ib e d  f o r  GS—5 B 
p o ly s a c c h a r id e  (V l A 14 ( a ) ) . The r e s u l t s  o f  p ap e r chrom atography 
o f  th e  d e io n is e d  enzyme h y d ro ly s a te  a r e  shown in  t a b l e  VI 28.
T ab le  VI 28 The P . l i la c in u m  d e x tra n a s e  d ig e s t  o f  OMZ 31B
p o ly s a c c h a r id e  -  P ap er chrom atography  o f  th e  enzymic 
h y d ro ly s a te
C hrom atography s o lv e n t (a) S ta in in g  re a g e n t (a)
Compound -IM g components o f-IMg
p a r t i a l  h y d ro ly s a te  
o f  D ex tran  T40
I n t e n s i t y  by
v is u a l
in s p e c t io n
P o s s ib le
i d e n t i t y
41 — — + g lu c o se
42 0 .9 6 1.00 ++ iso m a lto se
43 0 .4 9 0 .4 9 ++ is o m a lto t r io s e
44 0 .2 5 is o m a l to te t ra o se
45 0 .1 6 + •branch* p e n ta ­
s a c c h a r id e
46 0 .1 4 iso m a lto p e n ta o se
47 0 .0 9 + •b ra n c h • hexa— 
s a c c h a r id e
48 0 .0 6 8 iso m a lt ohexaos e
49 0 .0 5 + •branch* h e p ta -  
s a c c h a r id e
A q u a n t i t a t i v e  P . l i la c in u m  en d o d ex tran ase  d ig e s t  o f  OMZ 51B p o ly ­
s a c c h a r id e  was p re p a re d  and a n a ly se d  a s  d e s c r ib e d  f o r  GS-5B p o ly ­
s a c c h a r id e  (V l A 14 ( b ) ) .
The r e s u l t s  a r e  shown in  f ig u r e  VI 49»
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VI B 7 The sw ine k id n e y  p lu c a rih y d ro la se  h y d ro ly s is  o f  OMZ 
p o ly s a c c h a r id e
A q u a n t i t a t i v e  sw ine k id n e y  g lu c a n h y d ro la se  d ig e s t  o f  OMZ 
5 IB p o ly s a c c h a r id e  was p re p e a re d  and a n a ly se d  as  d e s c r ib e d  f o r  
GS-5 B p o ly s a c c h a r id e  (Vl A I 8 (b ))  .
The r e s u l t s  a r e  shown in  f ig u r e  111 3«
VI B 8 The g e l p e rm e a tio n  chrom atography  o f  OMZ 5 IB p o ly sa c c h a r id e  
on Sephadex G-200
OMZ 5 IB p o ly s a c c h a r id e  was s u b je c te d  to  g e l p e rm e a tio n  
chrom atography  on Sephadex G-200 u s in g  a  Pharm acia K 26/100 column 
(V A 6) • The c a rb o h y d ra te  c o n te n t o f  each f r a c t i o n  was d e te rm in ed  
(V B 2) and ab so rb a n c e s  w ere d e te rm in ed  on an E e l sp e c tro p h o to m e te r , 
The e l u t i o n  d iagram  i s  shown in  f ig u r e  111 4«
VI B 9 A cid h y d ro ly s is  th e  optimum c o n d it io n s  f o r  th e  p ro d u c tio n  
o f  g lu c o se  from  OMZ 51A p o ly sa c c h a r id e
The p o ly s a c c h a r id e  was h y d ro ly se d  a s  d e s c r ib e d  f o r  GS-5 B 
p o ly s a c c h a r id e  (V E 4 (a ) )  and th e  n e u t r a l i s e d  h y d ro ly s a te  was 
s u b je c te d  to  p ap e r chrom atography in  s o lv e n t  (d) . S ta in in g  re a g e n t 
(a) was em ployed.
The r e s u l t s  a r e  shown in  t a b le  VI 29»
p o ly s a c c h a r id e  - P aper chrom atography
S o lv e n t system  v a lu e—Lr i n t e n s i t y p o s s ib le  i d e n t i t y
(d) 0 . 9 9 3+ g lu c o se
305
VI B 10 A cid h y d ro ly s is  a t  th e  optimum c o n d itio n s  f o r  th e  p ro d u c tio n  
o f  g lu c o se  from  OMZ p o ly sa c c h a r id e
The p o ly s a c c h a r id e  was h y d ro ly se d  as d e s c r ib e d  f o r  GS-5B 
p o ly s a c c h a r id e  (V E 4 (b ))  and th e  n e u t r a l i s e d  h y d ro ly s a te  was 
s u b je c te d  to  p a p e r chrom atography  in  s o lv e n t ( d ) . S ta in in g  re a g e n t 
(a) was em ployed. The r e s u l t s  a re  shwon in  t a b l e  VI 30 .
T ab le  VT 3 0 . A cid h y d ro ly s is  o f  th e  f r u c t o s i d i c  l in k a g e s  o f OMZ 
51A p o ly s a c c h a r id e  -  P ap er chrom atography
S o lv e n t system  v a lu e i n t e n s i t y p o s s ib le  i d e n t i t y
(a.) 1.25 t r a c e f r u c to s e
(d) 1.00 + g lu c o se
The r e s u l t s  shown in  t a b l e s  VI 29 and VT 30 w ere o b ta in e d  on th e  
same chrom atogram s a s  th o s e  shown in  t a b l e s  VI 26 and  VI 27 and hence 
com parison  o f  th e  i n t e n s i t i e s ,  e s tim a te d  by  v i s u a l  ex am in a tio n , i s  
v a l i d .
VT B 11 C om position  o f  OMZ 51A p o ly sa c c h a r id e
The n i t r o g e n ,  p r o te in ,  c a rb o h y d ra te , g lu c o se , f r u c to s e  and 
a sh  c o n te n ts  o f  OMZ 51A p o ly s a c c h a r id e  were d e te rm in ed  by th e  methods 
a s  em ployed f o r  GS—5 B p o ly s a c c h a r id e  (VI A 4) • The r e s u l t s  a re  
shown in  t a b l e  I I I  4«
VI B 12 The m é th y la t io n  a n a ly s i s  o f  OMZ 51A p o ly s a c c h a r id e
OMZ 51A p o ly s a c c h a r id e  was m e th y la te d  and a n a ly se d  a s  f o r  
GS-5A p o ly s a c c h a r id e  (VI A 2 2 ) . The g . l . c .  t r a c e  i s  shown in  
f i g u r e  VI 5 0 . The mass s p e c t r a  a r e  shown in  f ig u r e s  VI 51 to  VI 54 .
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The re te n tio n !  tim e s  and  th e  m olar p ro p o r tio n s  o f  each component a re  
shown in  t a b l e  I I I  5« The in f r a r e d  spectrum  o f  th e  m e th y la ted  
p o ly s a c c h a r id e  was p re p a re d  a s  d e s c r ib e d  f o r  GS-5A p o ly sa c c h a r id e  
(VT A 22) .  The in f r a r e d  , spec trum  i s  shown in  f ig u r e  VI 55»
VI B 13 The P . l i la c in u m  d e x tra n a se  d ig e s t  o f  OMZ 31A p o ly sacc h a r id e
A q u a l i t a t i v e  P . l i la c in u m  en d o d ex tran ase  d ig e s t  o f  OMZ 51A 
p o ly s a c c h a r id e  was p re p a re d  a s  d e s c r ib e d  f o r  GS-5B p o ly s a c c h a r id e .
(VI A 14 (a ) )  • The r e s u l t  o f  p ap e r chrom atography o f  th e  d e io n is e d  
enzym ic hydro  ly s a t e  a r e  shown in  t a b l e  VI 31.
T ab le  VI 31 The P . l i la c in u m  d e x tra n a se  d ig e s t  o f OMZ 5 IA
p o ly s a c c h a r id e  — P aper chrom atography o f th e  enzymic
h y d ro ly s a te
Compound -iM g R com ponents o f  I n t e n s i t y  by P o s s ib le  2 v is u a l  - .  . - .  
p a r t i a l  h y d ro ly s a te  o f in s p e c t io n  1 en 1 y  
D ex tran  T40
51 — g lu c o se
52 0 .9 6 1.00 ++ iso m a lto se
53 0 .4 9 0 .4 9  ++ is o m a lto t r io s e
54 0 .2 8 t r a c e ’branch  * t e t r a -  
s a c c h a rid e
55 0 .2 5 is o m a lto te t ra o se
56 0 .1 6 + * b ranch  * p e n ta ­
s a c c h a rid e
57 0 .1 4 iso m a lto p e n ta o se
58 0 .0 9 + 'b ranch*  h ex a - 
s a c c h a rid e
59 . 0 .0 6 8 isom alto h ex ao se
0 .0 5 + 'b r a n c h ' h e p ta -  
s a c c h a rid e
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A q u a n t i t a t i v e  P. l i l a c in u m  en d o d ex tran ase  d ig e s t  o f  OMZ 51A p o ly ­
s a c c h a r id e  was p r e p a re d  and a n a ly s e d  as  d e s c r ib e d  f o r  GS-5 B p o ly ­
s a c c h a r id e  (VI A 14 ( b ) ) •
The r e s u l t s  a r e  shown i n  f i g u r e  VI 5^»
VI B 14 The swine k id n e y  g lu c a n h y d ro la se  h y d r o ly s i s  o f  OMZ 51A 
p o ly s a c c h a r id e
A q u a n t i t a t i v e  swine k id n e y  g lu c a n h y d ro la s e  d ig e s t  o f  
OMZ 51A p o ly s a c c h a r id e  was p re p a re d  and a n a ly se d  a s  f o r  GS-5 B 
p o ly s a c c h a r id e  (VI A 18 (b ))  .
The r e s u l t s  a r e  shown in  f i g u r e  I I I  2 .
VI C The swine k id n e y  g lu c a n h y d ro la s e  h y d r o ly s i s  o f  s e v e r a l
b a c t e r i a l  p o ly s a c c h a r id e s  and o th e r  c a rb o h y d ra te s
The sw ine k id n e y  g lu c a n h y d ro la s e  was p re p a re d  as  d e s c r ib e d
(VI A 18 ( b ) ) .  D ig e s ts  were p re p a re d  as  f o l l o w s : -
Caibo.hydrate  ' c_. 20 mg (w eight a c c u r a t e l y
knew n)
Swine k id n e y  g lu c a n h y d ro la s e  2ml
in  b u f f e r  B5
( p r o t e i n  c o n c e n t r a t i o n  12 mg/ml)
Sodium a s i d e  0 .0 2 ^
The d i g e s t s  were in c u b a te d  a t  37°C f o r  500 h .
A l iq u o t s  (0 .1  ml) o f  t h e  d i g e s t  were t a k e n  a t  i n t e r v a l s  and 
s u b j e c t e d  t o  t h e  N elson  t e s t  f o r  r e d u c in g  su g a rs  (V D 3) •
The e x t e n t  o f  enzymic h y d r o ly s i s  (c o n v e rs io n  to  g lucose )  was 
c a l c u l a t e d  from t h e  w eigh t o f  s t a r t i n g  m a te r i a l  ( c o r r e c t e d  f o r  
c a rb o h y d ra te  c o n te n t )  and th e  amount o f  re d u c in g  su g a r  r e l e a s e d  
( e s t im a te d  a s  g lu c o se )  •
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The r e s u l t s  a r e  shown i n  f i g u r e s  IV 1 -  IV 3» A f te r  500 hourS' 
t h e  d i g e s t s  were s u b je c t e d  to  t h i n  l a y e r  chrom atography i n  s o lv e n t  
(b) . The chromatograms a r e  i l l u s t r a t e d  in  f i g u r e  IV 4»
Most o f  t h e  c a rb o h y d ra te s  i n v e s t i g a t e d  were o b ta in e d  from th e  
d e p a r tm e n ta l  c o l l e c t i o n .  P o ta to  amylose was k in d l y  donated  by  
Mr. P .A . Leonard , s a l i v a r i u s  f r u c t a n  by  Mr. K. M a rs h a l l .
S ucrose  A.R. was o b ta in e d  from B.D.E. L t d . ,  and D ex tran  T40 from 
Sigma B iochem ica ls  L td .
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CHAPTER VII
APPENDICES
Appendix A M o d i f ic a t io n  o f  t h e  P e rk in  Elmer -  H i ta c h i  g . l . c .  — m .s .
I n t e r f a c e
The o r i g i n a l  P e rk in  Elmer -  H i ta c h i  g . l . c .  — m .s .  i n t e r f a c e  i s  
i l l u s t r a t e d  i n  f i g u r e  V II 2 and i t  fu n c t io n e d  as  f o l lo w s .  A sample 
was i n j e c t e d  on to  a  6 f t  s t a i n l e s s  s t e e l ,  n a rro w -h o re  column (pack ing  
m a te r i a l  ( i ) )  . On l e a v in g  th e  g . l . c .  column t h e  e lu a n t  gas was s p l i t ,  
p a r t  go in g  to  t h e  g . l . c .  flam e i o n i s a t i o n  d e t e c t o r  ( f . i . d . )  and p a r t  
g o in g  i n t o  t h e  m .s .  The r a t i o  o f  t h e  two f r a c t i o n s ,  governed hy  th e  
s i z e  o f  t h e  r e s t r i c t o r  a d ja c e n t  to  t h e  s e p a r a t o r ,  was 1:10 g . l . c . :  
m .s .  That p o r t i o n  o f  t h e  e lu a n t  gas go ing  to  th e  m .s .  p a s se d  in t o  th e  
m .s .  v i a  a  1M s t a i n l e s s  s t e e l ,  0 .0 1 ” i n t e r n a l  d ia m e te r ,  h e a te d  l i n e  and 
a  Watson-Bieman s e p a r a t o r ,  where th e  m a jo r i t y  o f  th e  c a r r i e r  gas. was 
pumped away. The sample on e n t e r in g  t h e  ev ac u a ted  m .s .  chamber was 
i o n i s e d  by  e l e c t r o n  im pact and th e  io n s  produced  were m o n ito red ,  a s  th e y  
p a s s e d  down th e  f l i ^ t  tu b e ,  on a  t o t a l  io n  m o n ito r  ( t . i . m . )  ( f i g u r e  
V II  4) • The s p e c t r a  were d i s p la y e d  on a  S .E .  3006 U.V. r e c o r d e r .
1 ,5 “D i - O - a c e t y l ~ 2 , 3 ,4 f 6 - t e t r a - 0 - m e t h y l - p - g l u c i t o l  (TMG) was 
i n j e c t e d  on to  t h e  column. Both th e  g . l . c .  and th e  t . i . m .  t r a c e s  were 
b ro a d  and f e a t u r e l e s s .  I t  was p o s tu l a t e d  t h a t  chem ical d e g ra d a t io n  was 
o c c u r r in g  on t h e  s t a i n l e s s  s t e e l  o f  th e  column and rep lacem en t o f  th e  
s t a i n l e s s  s t e e l  column by  a  g l a s s  column ( in v o lv in g  rep lacem en t o f  th e  
a n a l y s e r  head) p roduced  an immediate improvement i n  th e  g . l . c .  t r a c e  
b u t  t h e  t . i . m .  t r a c e  rem ained  b ro a d .
M o d i f ic a t io n s  o f  t h e  i n t e r f a c e  i t s e l f  were th e n  i n i t i a t e d  ( f i g u r e s  
V II  1 and V II 3 )•  Wherever p o s s i b l e  s t a i n l e s s  s t e e l  was r e p la c e d  by
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g l a s s .  The h e a te d  l i n e  was removed and th e  s e p a r a t o r  was p la c e d  f l u s h  
w i th  th e  g . l . c .  oven . A f u l l y - i n s u l a t e d  e x te n s io n  u n i t  was h u i l t  i n t o  
t h e  g . l . c .  oven, so i n c r e a s i n g  th e  oven volume, and a l lo w in g  room f o r  
a  c o u p l in g  to  be i n s e r t e d .  The P e rk in  Elmer h ig h  perform ance oven 
was r e p la c e d  by  a  P e rk in  Elmer p r e c i s i o n  oven, which i s  f i t t e d  w ith  a 
r e a r  door t h a t  p e rm i ts  e a sy  a c c e s s .  With t h e  oven e x te n s io n  in  
p la c e  no te m p e ra tu re  drop  a c ro s s  th e  m o d if ied  g . l . c .  oven cou ld  be 
d e t e c t e d .  A m e ta l c o u p l in g  was f i t t e d  t o  t h e  g la s s  l i n e  by  a  g l a s s - t o -  
m e ta l  s e a l  and a  g l a s s  r e s t r i c t o r ,  c o n s i s t i n g  o f  a  f i n e  c a p i l l a r y ,  was 
blown i n t o  t h e  l i n e .  The r e s t r i c t o r ,  p re p a re d  in  o u r  workshop, was 
p roduced  t o  g iv e  a  f lo w  r a t e  s l i g h t l y  g r e a t e r  th a n  t h a t  r e q u i r e d  on th e  
m achine (lO ml/min) . I t  was blown in t o  t h e  g la s s  l i n e  and th e  f i n a l  
f lo w  r a t e  was a d j u s t e d  s i t u  by h e a t i n g  th e  r e s t r i c t o r  g e n t ly  w ith  a 
c o o l gas-oxygen  f lam e , so c o l l a p s in g  th e  c a p i l l a r y  s l i g h t l y .  In  
a d d i t i o n  to  re d u c in g  d e g ra d a t io n  on t h e  s t a i n l e s s  s t e e l  s u r f a c e ,  th e  
g l a s s  r e s t r i c t o r  can o f t e n  be unblocked  w ith  a  * t e z l e r * , s h o u l d  i t  become 
c o n s t r i c t e d .
These m o d i f ic a t io n s  com pleted , t h e  a p p a ra tu s  gave good r e s u l t s  f o r  
a  p e r io d  o f  s e v e r a l  weeks o f  c o n s ta n t  u s e .  However, a  g ra d u a l  d e t e r ­
i o r a t i o n  i n  t h e  s ta n d a r d  o f  t h e  g . l . c .  t r a c e s  was n o te d  and th e  t . i . m .  
t r a c e s  were a l s o  s l i g h t l y  b ro ad en ed .  C lean ing  o f  t h e  s p l i t t e r  and th e
f . i . d .  j e t  r e v e a le d  t h a t  some b u i l d  up o f  m a t e r i a l ,  tb ro u g h t  to  have
o r i g i n a t e d  from le a k a g e  o f  s t a t i o n a r y  phase  li') from th e  g . l . c .  column,
A21had  o c c u r r e d .  O th e r  w orkers  had a l s o  encoun te red  problem s w ith  
le a k a g e  o f  t h i s  s t a t i o n a r y  phase  and had overcome th e  problem by sub­
s t i t u t i n g  s t a t i o n a r y  phase  (ii) . A f te r  t h i s  s u b s t i t u t i o n  had been  made 
i n  o u r  own a p p a ra tu s  and a f t e r  c l e a r i n g  th e  f . i . d .  j e t  and th e  s p l i t t e r ,  
t h e  a p p a r a tu s  f u n c t io n e d  s a t i s f a c t o r i l y  f o r  a  f u r t h e r  two months.
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A f t e r  t h i s  t im e  some "broadening, no t a s  s e v e re  as  p r e v io u s ly ,  o f  th e  
g . l . c .  t r a c e  was n o te d .  The t . i . m .  was u n a f f e c t e d .  This "broadening 
r e s u l t e d  from m a te r i a l  "being d e p o s i t e d  i n  th e  f . i . d .  j e t  due to  an 
in a d e q u a te  c a r r i e r  gas p r e s s u r e .  S ince  t h e  p r e s s u r e  o f  th e  d ry  
h e l iu m  c a r r i e r  gas co u ld  n o t  "be in c r e a s e d  ( t h i s  would a l t e r  th e  amount 
o f  m a t e r i a l  g o in g  to  t h e  m .s . )  i t  was d e c id ed  t o  in c r e a s e  t h a t  o f  th e  
hy d ro g en .  Thus, t h e  hydrogen  gas a c t s  a s  an  a d d i t i o n a l  c a r r i e r  gas 
i n  t h e  f i n a l  s t a g e s  o f  th e  g . l . c .  sy s tem . This co m p le te ly  overcame 
t h e  problem  o f  d e p o s i t i o n  o f  m a te r i a l  a t  t h e  f . i . d .  j e t  b u t  had th e  
e f f e c t  o f  d e c r e a s in g  th e  r e l a t i v e  r e t e n t i o n  t im e  o f  any  component w ith  
an  a b s o lu t e  r e t e n t i o n  tim e  g r e a t e r  th a n  t h a t  o f  t . m . g . ,  and a l th o u g h  
u s e d  i n  t h e  e a r l i e r  experim en ts  th e  r e t e n t i o n  t im es  o f  t h e  components 
were n o t  t o t a l l y  r e p r o d u c i b l e .  In  th e  l a t e r  p a r t  o f  th e  work th e  
r e t e n t i o n  t im e s  o f  components were s e p a r a t e l y  d e te rm ined  on a  Pye IO4 
gas chromât o g r a p h .
319
’Bla4J
K
UIw
c•H
u0)A,
*00)•HIW•H•O
O
H
>
tn
k
o
CD
00
LOCO
320
Legend to  F ig u re  VIT 1
1 H i ta c h i  d u a l  pen r e c o r d e r
2 P e r k in  Elmer gas r e g u l a t o r
3 P e r k in  E lm er gas chrom âtograaph a n a ly s e r  head  f o r  g la s s
columns ( p a r t  n o .  0454- 0207)
4 Gas chrom atograph oven e x te n s io n  u n i t
5 P e r k in  Elmer p r e c i s i o n  gas chrom atograph oven ( p a r t  n o .  0454-0001)
6 Watson-Bieman s e p a r a t o r
7 H i ta c h i  RMS 4 mass s p e c t ro m e te r
8 B ra d le y  E l e c t r o n i c s  D.V.M, 173 d i g i t a l  v o l tm e te r
9 S .E .  3006 u l t r a - v i o l e t  r e c o r d e r
10 P e rk in  Elmer io n  m onitor and h e a t e r  co n so le
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Appendix B Comparison o f  th e  p r o p o r t io n s  o f  two components in  a
s y n t h e t i c  m ix tu re  as  de te rm ined  by  and c l a s s i c a l
methods
In  th e  e a r l y  m é th y la t io n  experim en ts  t h e  g . l . c .  t r a c e s  o f  th e  
m o d if ie d  P e rk in  Elmer -  H i ta c h i  g . l . c .  -  m .s .  system  were used  to  
d e te rm in e  h o th  r e l a t i v e  r e t e n t i o n  t im es  and m olar p ro p o r t io n s  o f  th e  
components o f  m é th y la t io n  a n a l y s i s .  The g . l . c .  -  m .s .  i n t e r f a c e  
h a v in g  heen  s u b s t a n t i a l l y  m o d if ie d ,  i t  was e s s e n t i a l  to  ensu re  t h a t  th e  
p r o p o r t i o n s  o f  th e  v a r io u s  components b e in g  o b ta in e d  were th e  same as 
t h o s e  i n  t h e  o r i g i n a l  m ix tu re s  b e in g  a n a ly s e d .  In  o rd e r  to  i n v e s t i g a t e  
t h i s ,  a  s y n t h e t i c  m ix tu re  o f  a  d i-O -m e th y l-D -g lu co se  and a  t e t r a - 0 -  
m e th y l-D -g lu co se  was p re p a re d  and th e  m olar p r o p o r t io n s  o f  th e  two 
components were d e te rm in e d  by  g . l . c .  and c l a s s i c a l  methods.
V II  E 1 P r e p a r a t i o n  o f  a  s y n t h e t i c  m ix tu re  o f  2 , 3 ; 4 , 6 - t e t r a - O- 
m e th y l -D- g lu c o s e  and 3 , 4 - d i - 0 -m e th y l -D- g lu c o se 
The m ix tu re  was p r e p a re d  by  m ix ing  £ .  20 mg o f  each component 
and d i s s o l v i n g  th e  whole i n  w a te r  (10 ml) .
V II  B 2 E s t im a t io n  o f  t h e  s y n t h e t i c  m ix tu re  by  h y p o io d i te  o x id a t io n  
(9") P r e p a r a t io n  o f  a  s ta n d a rd  g raph ^^^
S o lu t io n s  were p re p a re d  c o n ta in in g  0.25> 0 .5 ,  1 .0 ,  1 .5 ,
2 .0  and 2 .5  mg o f  2 ,3 ,4 ,6 - t e t r a -O -m e th y l -D -g lu c Q s e  in  w a te r  (5 m l) .
A 0.1M s o l u t i o n  o f  io d in e  and a  M s o l u t i o n  o f  sodium t h i o s u l p h a t e  
were p r e p a re d  from s ta n d a rd  ampoules and a  s o l u t i o n  0.2M w ith  r e s p e c t  to  
b o th  sodium b ic a r b o n a te  and sodium c a rb o n a te  (pH 10.6) was p re p a re d .
0.1M Io d in e  ( l  ml) was p i p e t t e d  in to  th e  su g a r  s o lu t i o n s  (5 ml) 
c o n ta in e d  i n  B24 s to p p e re d  pyrex  tu b e s  0.2M sodium b ic a rb o n a te -so d iu m
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c a rb o n a te  s o l u t i o n  (2 ml) was added, th e  s to p p e r s  were m ois tened  w ith  a 
l i t t l e  70^  p o ta ss iu m  io d id e  s o l u t i o n ,  and th e  r e a c t io n s  were a l low ed  to  
p ro c e e d ,  i n  t h e  d a rk ,  f o r  2 -2 .5  h ,  a t  room te m p e ra tu r e .  The s to p p e r s  
were th e n  washed w ith  d i s t i l l e d  w a te r  and th e  w ashings were p la c e d  in  
t h e  r e a c t i o n  v e s s e l .
The s o l u t i o n s  were a c i d i f i e d  w ith  M s u lp h u r ic  a c i d  (1 ml) and 
d i l u t e d  to  20 ml. They were mixed by  in v e r s i o n  and t i t r a t e d  a g a in s t
0.01M sodium t h i o s u l p h a t e  u s in g  sodium s t a r c h  g l y c o l l a t e  (1 ml) 
a s  i n d i c a t o r .
The s t a n d a r d  graph  i s  shown i n  f i g u r e  V II 5*
(b) E s t im a t io n  o f  t h e  s y n t h e t i c  m ix tu re
H a lf  o f  th e  s o l u t i o n  o f  t h e  s ta n d a rd  m ix tu re  was s p o t t e d  
o n to  a  washed Whatmans Ho.3 p ap e r  and developed  in  s o lv e n t  (c) .
T es t  s t r i p s  were cu t  and were s t a i n e d  i n  r e a g e n t  (d) . The two 
components were th e n  e l u t e d  from th e  p a p e r  and e s t im a te d  a s  i n  V II B 2 ( a ) .  
The r e s u l t s  a r e  shown i n  t a b l e  V II 1.
T ab le  V II 1 E s t im a t io n  o f  a  s y n t h e t i c  m ix tu re  by h y p o io d i te  o x id a t io n
Sodium t h i o -  t h i o  consumed a ld o se  
s u lp h a te  due to  a ld o se  
consumed /
(ml)
g /5  ml
B lank 10.4  -
2 ,3 ,4 ,6 - t e t r a - O - m e th y l - D - g lu c o s e  9 .15  1.25 1.55
3 , 4 - d i - O - m e t h y l - ^ g l u c o s e  8 .78 1.62 2.00
The m olar  r a t i o  o f  2 , 3 , 4 ,6 - t e t r a - ^ - m e th y l - p - g l u c o s e  :
3 ,4 -d i -0 -m e th y l -D -g lu c o 8 e  = 100:129.
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V II B 3 E s t im a t io n  o f  th e  s y n t h e t i c  m ix tu re  by g . l . c .
The s y n t h e t i c  m ix tu re  was reduced, and a c e t y l a t e d  as  i n  V E 5 
and V E 9 r e s p e c t i v e l y ,  and s u b je c t e d  t o  g . l . c .  on th e  m od if ied  
P e r k in  Elmer — H i ta c h i  g . l c . - m . s . a p p a r a tu s .
The chromatogram i s  shown in  f i g u r e  V II 6 and th e  a r e a s  under 
t h e  peaks a r e  g iv e n  in  t a b l e  V II  2 .
Table  V II  2 E s t im a t io n  o f  a s y n t h e t i c  m ix tu re  by g l _ c .
• A rea under th e  
peak
M olar p r o p o r t i o n
1,5  d i —0 —a c e t y l —2 , 3 , 4 , ^ ~ t e t r a —0 — 135 100
met h y l - D - g l u c i t o l
1 , 2 , 5 , 6 —t  e t  r a —O—a c e t y l —3 ,4 —d i —0 — 
met h y l - D - g l u c i t o l
194 121
The m o lar  r a t i o  o f  1 , 5 - d i - O - a c e t y l - 2 , 3 , 4 , 6 - t e t ra -O -m eth y l-D -  
g l u c i t o l  : 1 , 2 , 5 , 6 - t e t r a - 0 - a c e t y l - 3 , 4 - d i - 0 - m e t h y l - B - g l u c i t o l  = 100:122 
Comparison o f  t h e  p r o p o r t i o n s  o f  th e  two components i n  t h e  s y n t h e t i c  
m ix tu re  a s  d e te rm in e d  by  t h e  two methods shows c lo s e  ag reem en t.
Thus i t  a p p e a rs  t h a t  m o d i f i c a t io n  o f  th e  g . l . c . - m . s .  i n t e r f a c e  d id  no t 
a l t e r  t h e  r e s p o n s e  o f  t h e  a p p a ra tu s  t o  d i f f e r e n t  components.
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1f5-di-0-acetyl-2, 3 , 4,6-tetra-O-
methy1-D-glucito
13
5 0 -
1,2,5,6-tetra-0-acetyl-3,4-di-O-methyl-D-glucitol
AbsDlute R eten tion  Time (minutes
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Appendix C The Mass S p e c t r a  o f  Some S tanda rd  G lu c i to l  D e r iv a t iv e s  
a s  D eterm ined  on th e  Modified. P e rk in  Elmer — H ita c h i
g . l . c . -  m . s .
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